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3 , 1 1 B~ClS~PIHYDROTETRABENAZlME FOR THE TREATMENT OF 
A PROLIFERATIVE DISEASE OR AH lUFLAMMAJlOH 

This Inyendon relates to the ass of ditjydrole^engzms la me jHX>phyla>ds or 
treatment of inflammatory diseases and cancers, 

3 Cancer Is the collective term given to a group of diseases characterised by abnormal 
mi uncontrolled cell growth. Normally, cells grow and divide to form new cells 
only when the body seeds them* When cells grow old and die, new cells take their 
place. Mutations in the genes within a celi can sometimes disrupt this process such 
that new cells form when the body does not need them, and old cells do not die 

10 when they should. The extra cells form, a mass of tissue, called a growth, neoplasm, 
or tpmowr:, Tumours can be either benign (not eaneerxms) or malignant (cancerous), 
Benign tumors do not. spread to other parts of the body,, and they are rarely a threat 
to life wlierea^ malignant tamers can spread (metastasize) and may be life 
threatening. Cancers originate within a single ceil and hence can be classified by the 

15 type of cell in which they originate and by the location of the cell Thus, Adenomas 
originate from glandular tissue, Carcinomas originate in epithelial cells, 
SUokaemias start in the bone marrow stem cells. Lymphomas originate in lymphatic 
tissue. Melanomas arise in. melanocytes. Sarcomas begin in the connective tissue of 
tone or muscle and Teratomas begin within germ cells.. 

20 Various methods exist for treating cancers and the commonest are surgery, 

chemotherapy and radiation therapy. In general the choice of therapy will, depend 
upon the location and grade of the tumour and the stage of the di sease. If the 
tumour' is localized, surgery is often the preferred treatment Examples of common 
surgical procedures- include- jpi^^^omy ::: jt6r postage cancer and mastectomy for 

25 breast cancer. The goal of die surgery can. be either the removal of only the tumour, 
or the entire organ. Since a single Cancer celi can grew into a sizeable tumor, 
removing only the tumour leads to a greater chance of recurrence. Chemotherapy 
Involves tfeB.'treateient of caucerwith |nip'tfea| : c&n. d^stroy-ofpnsveat the growth 
of cancer cells. Alfera^ve: mastoid Exploited £y-$^er hhemolherapies 

30 Include antivangiogeiric agents wMch aet m disrupt ft\e blood vessels supplying the 
tumour and imrnmiodu?rapeutic agents which act to enhance the host Immune 
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response against fee tomourtissue. Hernial cells grow and die m a controlled way, 
When cancer occurs, cells In the body that &r^ not normal keep dividing and 
forming more ceils v^llfeot«.co^L^e.cto:.Qf^s^Mi®t-dr8gs acts by killing 
diyidlag cells or by stopping them from growing or multiplying, Healthy ceils can 
also be harmed, especially those that divide quickly asdthis can lead to side 
effects, Radiation therapy iavoJ^^^iolipaifefc^ xa$a&on to kill cancer cells 
and shrink tumours* Radiation feOTpy inj«^ Or destroys cells in the area being 
treated (the "target tissue") by damaging their genetic material, making it 
impossible for these ceils to. eonhaue to grow aad dividi Although radiaiioe 
damages both cancer cells and nnrnud cells, most norma! ceils can recover from the 
effects of radiation aad function properly. The goal of radiation therapy is to 
damage as many cancer cells as possible, while limiting barm to nearby healthy 
tissue. Radiation therapy may be used to treat almost every type of solid toor, 
Including cancers of the brain, breast cervix, larynx, lung, paaexeas, prostate, 
spine, stomach, uteres, or soft iksm sarcomas- Radiation can also be used to treat 
leukaemia and lymphoma (cancers of me blood-rotmmg ceils and lymphatic 
system, respectively). 

It has been reported that Uganda of the sigrna (o) receptors have an ability to inhibit 
the growth of Uunour cells (Berthois e$ at, M&sh- Journal <f Corner, (2003), 88, 
438446), Bmms ef al (Cmtrnt Opinion in Investigational Drugs, (2004) 
5(1 l):l l 58-63} have also imported that the two sigma receptor subtypes aad their 
two related proteins are also expressed on tamer ceils, 

Sigma receptors are cell surface receptors that were once considered to be a sub- 
type of opiate receptors bid it has now been demonstrated, following 
characterisation of the receptor and the discovery of specific ligands for the 
receptors, feat they are distinct from opiate receptors (see .Bourne- et ul , (2004)}. 

Sigma receptors can be classified into the sigma~I <ck1) and sigma-2 (o~2) 
subtypes. The <$~\ .^c^tor^^Mcfe^-'b^Sev^ to :c«ia^a'223-8Mmo acids, has been 
cloned (Banner el at, Proa Nati, Acad Set U$d, (39%) 93:8072-8077) and it has 
been found to exhibit no prhriary sespenee homology to any other receptor class. 
However, it de^sMye--a..3-0J%:id^^tb.^:se^s^ of a fungal sterol C8-C7 



isomerase and has also bees £otmd to be related another protek of unknown 
ttitofim, MW2 (SR~3174? MMlng-^iHoteia 2). wlacli shares a Mgh lssmoiogy with 
this enzyme. The o-2 mxpi&tim. mi^h^-elmed* 

Wang m al , f re»s* Cawer Memarek& 'Trmtmeni^ {2004}, 87(3);20S-f 4, examined 
5 the expression of the sigma-1 rec^&sf-isrjeam^bssastcajKser and found over- 
expression of sigma-1 receptor mMMA in 64% of breast cancers compared to 
normal tissue from which they condnded. that sonic normal and most neoplastic- 
breast epithelial cells sad cell lines commonly express the sigma-1 receptor. They 
also found that high concentrations of hakmeridol., a non-specific sigma-1 %and, 
10 inhibited the growth of these cells and potentiated die effect of chemotherapy in 
vitro. 

Sermois et al, (2003) described studies w which the effect of a sigma zoeepior 
ligand 8R31747A on the proliferation of human epithelial breast and prostate 
causer cell lines was measured. They reported that, w vitro, nanomolar 
1 5 eohce«trMiors.s of SR3 1 747A dramatically inhibited cell proliferation in both 

hormone-responsive and homume-nnresponslve cancer cell lines. They also found 
mat tumour development was significantly decreased m mice that had been treated 
withSR3.V747A, 

Spruce 0t al, Cancer Rematch, (2004), 64; 4875-4886, have reported that small 
20 molecule o-f receptor antagonists inhibit the growth of evolving and established 
hormooe-seusitive and hormone-Insensitive mammary carcinoma xenography 
orthotopic prostate tumours and p53-nuli lung eatoinoma xenography In hnnmno- 
compromised mice in the absence of side effects. They found that me o~t 
antagonists induced apopfosts (programmed cell death) in tumour ceils hat not in 
25 most normal ceil types. Spruce et al concluded that the use of a~l antagonists 
could conceivably offer a way of killing tumours vvhlie sparing normal tissues. 

Other reports of the use of o-l receptor Mgands is mitlbiting the proliferati on of 
cancer cells can beibond m the references cited in Spruce e? M(2004)j see tor 
example Bx&metal, Eur, J. Pharmacol, (1995), 278:l5T6tlaud Ctawiord st 
30 aLCamcr Research, (2002), 02:3 1 3-22 



wo mmwm 



4 



It Is therefore fairly well estaMisued that sifms receptor ligands can ki&M 
proliferation of canoe* cell lines and casistee apetj^is m cancer ceils and, on the 
basis of Has evidence, it is s&yisaged tk«it sfgina reaen1srS|gands such as sigma-l 
antagonists, 'will provs nseM in the tr^imeat of cancer, 

5 Sigma receptor ligands have also been reported as having aati-inilajjimatory 
activity. For example, Bounie et&L f &tr\ J. Pharmacol, (2002), 456(l~3)tl23-31 
report that the Sanofl-Synthdaho Beenerehe cosapoimd SSE125329A (chemical 
name 

is a high affinity sigma receptor ligaad with potent antiinflammatory properties, 
10 Bpurrie 4/., conclude that the results of their studies provide substantial evidence 
that sigma receptor ligands may represent a new -effective approach for rheumatoid 
arthfitss treatment 

Another Sapofi sigma receptor antagonist (SR31347) is cwently in clinical trials 
for the treatment of rheumatoid arthritis. 

15 TetrabenaMne (Chemical name: 1, 3, 4^1Mh^^y^%lQ^lm^xy-3^ 
:meihyl]^ep^^^ has bees in use as a pharma«ea%al 

dragsince the late 1950s. Initially developed as an antipsychotic, tetrabenadne is 
currently used in the symptomatic treatment of nyperlcmetio movement disorders 
such as Huntington's disease, hemibahssmns, senile chotssa, tie, tardive dyskinesia 

20 arsd t curette's syndrome, see for example Jaakovie et ®L , Aw, J, Psychiatry. (1 99$) 
Ang; iS6(g)d2?9-8i and Jankovie ti&tWeuMagp. (199?) Feb; 4§(2):3S8-62, 

The chemical structure of tetrabenazine is as shown in Figure ! below. 




Figure t~ Stocture of tetrahenasine 



25 



The compound has. cy^-^tsgss-ai'&e^i-and I lb carbon atoms and hence can, 
theoretically, edstln a total of four isomeric forms, as shown in Figure 2. 
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RS <> SR 0 

Figure 2 - Possible Mrahsnasme isomers 

In Figure 2, the stereochemistry of each isomer is defined using the "R and 
■^omendatnre developed by Cahtu Ingold and Prolog, ^.A$tm&ed Organic 
5 Chemisiry by Jerry March, 4* Edition,. lohn Wiley & Sobs, Hew York, pages 
109-1 14, In Figure 2 aad elsewhere in this patot application, the designations S 'R? ! 
or are given in the order of the position numbers of the carbon atoms. Thus, lor 
example, 'MS is a shorthand notation for 3Rd IkS. Similarly, wixeia three ehirai 
centres m pmm% as in the difaydtoietrabenames described below* the 
1.0 designations "iP or "8* are listed in the order of the carbon atoms 2, 3 and l i b. 
Thus* the 2$ s 3$> / 1. h.R isomer is referred to in short hand form as S&R and so o& 

Commercially available teirahenasdne is a racemic mixture of the MM and SS 
isomers and it would appear that the MM and SS isomers (hereinafter referred to 
individually or collectively as iram^xmbsmzme because the hydrogen atoms at 
1.5 die 3 and I 1 b positions have a (ram relative orlematlon) are the most 
ihermodynarnieaily stable isomers, 

letmhenariae has somewhat poor and variable bioavailability. It is extensively 
.metabolised by first-pass metsmolism, and little or no unchanged teirabenazine is 
typiealiy detected In the nrhm 3ie major metabolite is dihydrotetrahenaxme 
20 (Chemical name: 2-hydro^3^*^^^lp^i^}^'3»4,6^,i 1 bdxexa!ryd?o-§\ 1. 0~ 
dimedK5X^be«^o(a)quiuGh5dne5 which is hhrmed by redueddn of the 2-keto group 
in teirahertszine, and is believed to he psimarily responsible for the activity of the 



o 

drug (mMtism etal, DrngMsADisp. 1% 25^-255 0$B7)mdJ, Fkarm, Set, 
76 } No.6 s 461-465 (1987)). 

Four dihydroietfabenarfne isomers bean identified and 

characterised, all of them being derived fresfc-ffee more stable MM and isomers of 
5 the parent fetrabemziae and feavsiig;a;^^-|e|stiye,^^!^Qa between the 

hydrogen atoms at the 3 and lib postkms) (sm Mlhwmet at, Chimltiy, 9:59-62 
(1991) and Brossi at at, Helv. CMm, Am, vol XtX s No. 193, ppI7934806 (195S), 
The four isomers are ^ ^a^ihydrok^abenasinej {^^^yfetelfafeena^me, (+}-fh 
dhiydmietrsbenasme and (~>^dlhydmte&abeaaza»2!. The structures of the four 
10 know dihydrotetahenaaiae isomers are considered to be as shown in Figure 3, 



RRR OH SSS OH 



SRR OH OH 
Figure 3 - Stmetnres ofkaown isomers of dihydroteirabenssm& 

Kilboum et al,{$&% Eur. J, Pharmacol, 2?&249-252 (1995) and Med Chem, Res.. t 
5:113-126 (1994)) Investigated the specific binding of individual .radio-labelled 

15 dihydrotefrahenasine isomers in fise conscious mikahj. They found that die (4-}-«- 
["CJdihydsotStrabejaaxius (2RMMb® immt wm&xMM in regions of the brain 
associated with higher eoncentradons of the neuronal membrane dopamine 
transporter (DAT) and the ve^su|a?:mo©c^fe6.tr^xa4er (YMAT2), However, 
the essentially inactive (-)-a-[ u C|dihydroMrahenaxine isomer was almost 

20 uniformly distributed in the brain, suggesting that specific binding to DAT and 
YMAT 2 was not occurring. The fit vivo studies correlated wid> in vitro studies 
which demonstrated that the <4-^[-^3^^^M^imzk» isomer exhibits a K; 
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for |*H]m«thoxyl»tmbea«2iae : >2^^^ft4 Vi$&ito&Kkjbt the (•->«» 
l x 'Cldllwdtotetfabenazme fetmm:< 

Ow earlier 'feteroatiopl .p$s$& ap|>M©a4o» $3©. | t GT/0B2OO5/OO0464 discloses the 
preparation and vse of phan&aipeu&eal^ Swmm dedved from 

the unstable jffi? and isomers Iteroiasger xeteed to fodlvidnaily or collectively 
as aMefrabenasme because the l^diog^ atoBas atthe 3 m& lib positions have a 
els relative orientation) of tetmhenazine, contains 
experimental dm showing that css-dlhydtotefrabenaxiae Isomers Wad to sigma~i 
and slgma-2 receptors but does not disclose any therapeutic oses making use of the 
sigma. receptor binding activity. 

The present invention relates to the use of the ^^^^^t^mb^e^i^ >^>scfibe<iJ^ 
ottr earlier application .no. PCT/OB2OO5/0OO464 In the treatment of inilsmrpjitory 
diseases and cancers. 

Accordingly, in a ..first aspect, the invention provides 3, i ih-m~ 
dihydroteir^henaKiae for use in the prophylaxis or treatment of a proliferative 
disease: or an inflammatory disease. 

In one ■■embodiment, ihn prolihjradve disease Is a cancer. 

Accordingly, the Invention provides 3, Iih^?<h.hy<hotetrabenaxine forme in the 
prophylaxis or treatment of a pfoiiterative disease suefe as a cancer, 

lire invention also provides; 

* The use of 3, .11 b-ci«~dmydroietiBbenaK|ne for the manclsemre of a 
medicament for the treatment of a prolifesbw disease such as a cancer, 

* The use of c^"dilrydn>tehabes^ine for the nmoutaeinre of a medicament 
for the prophylaxis ot:»eato^ttofa.4^se:sfe^,or condidon (e.g. a 
cancer) arising from abnormal cell growth 
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A. method fox treating a disease cm* condition (e.g. a «sneer) comprisiag or 
arising Mm abnormal ceil :grow& in a mammal the method comprising 
asfemaisteting to me mmm& a mempeurically efetive ansomrt of 




* 



A method for treating a disease or coBiirmn (e<g» a cancer) comprising or 



arising from abnormal cell growth in a mammal, which method comprises 
administering to the mamma! cj^-dihydrotetrabenazine in an amount 
ei&etive in inhibiting abnormal ceil growth. 

♦ A method for alleviating or reducing the incidence of a disease or condition 



.mammal winch mefeod comprises administering to the mammal ei$~ 
dihydroteirabenarine in an amount effective in Inhibiting abnormal cell 
growth* 

it is envisaged that the compounds of the invention -will be useful in the tmtom$. 
IS or prophylajcis of any one more cancers selected from: 

adenomas;. 

carcinomas; 

leukaemias; 

lymphomas; 
20 melanomas; 

sarcomas; and 

teratomas. 

Particular examples of cancers which May be Inhibited or treated include, but are 
not limited to, a carcinoma, for example a carcinoma, of the bladder, breast,, colon 

25 (e.g. colorectal carcinomas such as colon adenocarcinoma and colon adenoma), 
kidney, epidermal, Ifver, lung, fer example adenocarcinoma, small cell lung cancer 
and non-small ceil lung carcinomas, oesopfmgos. gall bladder, ovary, pancreas e.g. 
exocrine pancreatic earnmoma* stomach, cervix, rhyroldj prostate, or skin s lor 
example squamous cell carcinoma; a hematopoietic tnmonx of lymphoid ilueage* 

30 for example leukaemia* acute lymph^^ B-cell lymphoma. T-eeil 
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(e.g. a cancer) comprising or arising from abnormal cel.! growth in a 



9 

lymphoma. Hodgkm's' lymphoma, mm^^d0di^s lymphoma, haky cell lymphoma, 
or Bwkettfs lymphoma; a heamiopoietie iwoar of myeloid lineage, for example 
acute aad ckoaic myelogmous ieidasaaiasj myeiedy^plasiic syndrome, or 
psomyelocytic Iei&aemk^fhyimdfolUGt34^€^«r; a tumour of mesendiymal 
5 origin., for example fibrosarcoma or hahdOTyosareoma; a UTOourof fee centra! or 
peripheral nervous system, for example astsBcytcsiiia., aeurabfestoma, glioma or 
schwannoma; melanoma; seminoma; feratoeareiaonm; osteosarcoma; xenoderoma 
pigmentosum: keratoetanihoma; thyroid &lMe«!ar cancer; or Kaposi's sarcoma. 

More particularly, the cancers that may be treated or inhibited by the use of eis- 
1 Q dihydtoteirabenasne are those cancers that are sensitive to sigma receptor Hgaads, 
for example cr-1 antagonists. 

Further examples of cancers that may be treated or i nhi bited by the use of cis~ 
dihydfotetrabena^me are those cancers m which sigma receptors are over- 
expressed. 

1 § hi one particular embodiment, the cancer is a mammary carcinoma, 

In another particular embodiment, the caaeer is a prostate tumour, for example an 
orthotopic prostate tumour. 

In a further particular embodiment, the cancer is a lung cancer, 

hi another general emfeedhuenVtu® mveutien provides 3, 1 l b~cis~ 
20 dihydrofeUaheuadne for use in the treatment of an inflammatory disease. 

The invention also provides; 

• The me of 3, 1 1 i>£^Klilrydrote?3^henaxins tor the manufacture of a 
medicament far the jmp&fkms or itoatoent of an inflammatory disease. 

* A method for the prophylaxis or treatraent of an inflammatory disease or 
25 condition m a patient a mammal such as a human), which method 

comprises administering to the mammal a feerapctftieahy effective amooot 
of 3,1 Ib-cis-dihydrotetrabenasine. 



w 

Examples of Mkmmstoxy diseases mid eormltions include, but are sot limited to, 
rheumatoid arthritis, ost^asi^^:^t^^t-.ajto% goaty arthritis, rubella 
ar&dtis, psoriatic arthritis, and otte arthritic cenditionsL aeaie or chronic 
inflamraaiory disease states jsi^M-tli^i^^^atQp^'t^a^oo induced by 
5 endotoxin or inflammatory bowel disease; EeMeris syMfesme, goat, rheumatoid 
spondylitis, chronic palmoiwy itiflMiimatory disease^ Crohn's disease and 
uloemib/e colitis. 

Particular mS&mmatory diseases and conditions are those that, are sensitive to sigraa 
receptor Hganda, for example, sigma receptor antagonists. 

10 One particular inflammatory disease is .rheumatoid arthritis. 

The cfe~dihydrotetrsbeoa»me used m the present iuventloa Is 3,1 lib, cis- 
dihydrotenubenaglne. 

lie 3ri l l>-^~dihydrotetrabenaxiBe used m the invention may be is substamially 
pure form, for example at ao Isomeric parity of greater thaa .90%, typically greater 
15 than 95% and more preferably greater thaa 98%. 

The term ^isomeric purity" ia ikz,pm^.cm®&f&st& to the amoust of 3» 11 in?***: 
dihydroteti-abeuazme present relative to the total amount or concentration of 
dihydrotenabenaxlne of all isomeric forms. For example, If 90% of the tola! 
dihymx>tetrabenazine present in the composition is 3,1 ib~ci?-dIhydroletTabenamae f 
20 t&en the isomeric purity is 90%. 

The llb<^-4ihydT0tetrabeaaEme nsedmthe mention may be hi the form, of a 
composition which is substantially tree of 34ih~/;^^ 
preferably containing less than 5% of 3rilb~^ms-dhrydrotetrabenazine, more 
preferably less than. 3% of SJ Ib-trs^Hiihydrotetraheoazine, and most preferably 
35 less than 1% of 3,1 lb<om*Kiihydrotet^^ 

The term "3J Xb-mJ> as used herem means that the hydrogen atoms at the 3~ and 
t lh~pssifloas of the dlb2^t»te^na^.:strd«^t«,aie m the relative 
orientation. The isomers of the hwentiria are toere&fe compounds of the formula 
(I) and antipodes (mirror images) thereof 
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OH 



CD 



Them are four possible isomers efdihydrofeitabefeaKlne having the 3 A th-cis 
configuration and these are the 38,3^1 ihl isomer, the 2&3& 1 1 b.5 Isomer, the 
2R,3S : A i b.A' isomer md th&.Z%$M t l I bS isomer. The .&ar isomers have beea 
isolated and characterised and. ia another aspect, fee invention provides individual 
isomers of 3 J Ib-ci^-dihydrotea-abenadne. In particular, fee aweaiksti provides: 

(a) fee 28 f W,UhM isomer of 3,Hb*«fe-d%drotetfabenazitte having fee formula 
(ia): 



CH 4 0 



ChLO' 




OH 



Ha) 



10 (b} the M s 31, 1 1M isomer of 3,1 Ih-m-dihydmtetrabenazirse having the formola 
(lb): 



ft 



r 

OH 




(Ih 



(c) the 2R,M,l IhM isomer of 3,1 IW^^jdrofetrabenasa^s having the formula 



CH s O" 



IS 



6h 



(Je) 
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and 

(<i) fee 2S13S ? i tbS Isomer o£3>Ill>-e/^^ the formula 



5 The individual i somers of the invention can he characterised by their spectroscopic, 
optics! and d«x>mateg»phte properties, and also by melr afosoMe staxshemtcal 
configurations as determined by X-ray crystallography, 

Without implying any particular absolute configuration or stereoehemts% the fop 
novel Isomers may be characterised as follows:: 

Optical aciviry as measured by ORD (methanol, 21 *C): kevorotatory (-) 
IE Spectrum (KBr solid), S H~NMR spectrum (CDCIj) and ts C-NMR spectrum 
(GDCls) substantially as described in Table I . 



IS Optical activity as jneaaured by ORD (methanol, 2PC); dextrorotatory (4) 
IR Spectrum (KBr solid), spectrum (CDCb) and G C-NMR spectrum 

(CDClj) stihstaattaily as described in Table L arm X*ray crystallography properties 
as described In Example 4, 



20 Optica! activity as measured by ORD (methanol. 21 dextrorotatory (+) 
IR Spectrum (KBr solid), S IM«. gpselrum (€DC1 3 ) and !3 C~NMR speetrani 
(CDCI3) snbsfe3.otial!y as described m Table 2. 

isomer P 

Optical activity a>m#snred by : 0&B .(methaad^^rC): laevototaiory (?) 




OH 



.Iso mer B 



IR Spectrum (KBr solid), 'iR^Mg. spaetam (CPCS?) spectrum 
(CDCI3) substandaiiy as described hi Table 2, 

OBJD values for each isomer are given in tie examples feetew but If is acted that 
such values are given by way of example and may wry according to the degree of 
S purity of the isomer w& the hrilnenee of ofter variables such as temperature 
iluctaatio.es and the effects of residual solvent molecules. 

The enantiamexs A, B, C and D may each be presented in a substantially 
ensntionierically pure .form or as-mixtes with other enantkuners of the invention. 

The terms "enantiomeric purity" and ^nan&omerie&Hy pore" m the present context 
10 refer to the amount of a given enamiomer of 3ji b-o/^djirydaneirabersfrdrse present 
relative to the total amooat or concentration of dihydroteirabenassine of all 
enantiomeric and isomeric forms. For example, if 90% of the total 
dihydmietxaben&xme present hi the composition is in the rom> of a single 
etpniiomer, then the enantiomeric purity Is 90%. 

I S By ^ay of example, in each aspect and embodiment of the Inveniiam each 

m&xviduaJ euanriomer selected from Isomers A, B» C and D may be present hi m 
enantiomeric purity of at least 55% (e.g. at least 60%, 65%, 70%, 75%, B0%, 85%, 
90%, 95%, 97%, 98%, 99%, 99.5% or 100%). 

The isomers of the invention may also be presented m the form of mixtures of one 
20 or more of isomers A, B, C and D, Such mixtures may be raeemle nrixhaea or nom 
raeemie mixtures. Examples of racemic mixtures include the rseemie mixture ot 
Isom er A and Isom er B and the racemic mixture of Isomer C and Isomer 3tX 

Pharniaeentkajly Acceptable Salts 

Unless the context requires otherwise, a reference hi this application to 
25 dlhydrotetrabenamne and its isomers, includes within its scops not only the free 
base of the dihydroietrabenaane but also lirsaltSj and In particular acid addition 
sate. 



Particular acids from which the acid addition salts are formed include acids having 
a pEa value of less than 3.5 *ad more usiMily less fhm- 3* Fjar- example, the acid 
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addMoa salts cm be farmed from msM-h®tisi$* 0&te$m-fa®gs from +3<5 to 



Preferred acid addition salts ineMs those, formed with stdphoale acids such as 
meth&nesuiphoak acid, ethauesidphonie aofd^t^ acid, toluene 

5 sulphonic acid, camphor sulphosie acid and impMteteie sulphomc acid 

One particular acid from which acid addition salts may be formed Is 
metfaaaesulphonic acid. 

Acid addition salts can be prepared, by the methods described herein or 
coaveatioaal chemical methods such as the methods described in Pharmaceutical 

10 Salts: Properties, Selection, <md Use, P. Hemrich. BiM (Editor), Gamille O. 
Wermaih (Editor), ISBN: 3-90639-026-8, Hardcover, 388 pages, August 2002. 
Generally, such salts cart be prepared by reacting the free base fan of the 
compound with the appropriate base or acid in water or in an organic solvent or ia 
a m ix tu r e of the two; generally, nonaqueous media such as ether, ethyl acetate , 

15 e&anol, isopropanol, or aeeioahrile are used. 

The sails are typically phatmaeeoiically acceptable salts, However, salts that are 
not pharataeetiticaliy acceptable may also be prepared as intermediato forms which 
may then he converted Into pharmaceutical!? acceptable sate. Such non- 
pharmaceutieally acceptable salt forms also form part of the invention. 

dihydtotetmbeaa^ of^kveatj^^be 'prepared by a process comprising 
the reaction of a compound of the formula (II): 



with a reagent or reagents srutabje for 'i^dE«feg;^-23*(ic»ubte bead in the 
2$ composmd of fonnnk.'0^.:^ ; ^N^ Wl#t«'^^ited separating snd isolating a 
desired dihydrotetrafe«3ia^^-jsd^# : l>^ 




H 



The hydration of fee 2 J 3"doub!e bond can be earried eat by hydroboratbii usfng a 
Ixuane ymgmt such as drhoraue or a tetoe-sfer (e.g, bomti©4eteshydrofuKm 
( THE)) to give m hitermediate a&yl borane adduei followed by oxidation of & 
alkyi borans adduct and hydMysfe; in the presence of a base, l^e iiydraboradoa Is 
typically carried out la a dry poi^^n^^sj^ly^tsttpk-as an ether (e,g, THF), 
usually at a nqa-etevaied temperaiia^ for example mom temperature. Tlie borane- 
aikene adduct is typically oxidised wife an oxidising agent such as hydrogen 
peroxide In fee presence of a base providing a source of hydroxide ions, such m 
ammonium hydroxide or m alkali metal hydtoxid©, e.g. potassium hydroxide or 
sodium hydroxide. The hydrok>ratiooH>xida:iiorj.feydrolysis sequence of reactions 
of Process A typically provides dihydroMmbenaxme Isomers in wM&h the 
hydrogen atoms at fee 2~ and 3-posMohs have a -tram reMve orientation. 

Compormds of the formula. (0.) can be prepared fey reduction of tetabenazine to 
give a dihydrotetobenadne followed by dehydration of the dihydrotetrabeiiasme. 
Reduction of fee tetrabenazine can be accomplished using m aluminium: hydride 
roagont such as ihhmra aluminium hydride., or a horohydride reagent such as 
sodlora bomhydride, potassium horohydride or a horohydride deri vative, for 
example an atkyi borobydrids such as lithium trl-see~hutyi borohydride. 
Alternatively., the reduction step can be effected using catalytic hydrogenahon, for 
example over a Raney nickel or platinum oxide catalyst. Suitable conditions for 
performing fee reduction step are described in more detail below or can be found in 
US 2*843,591 (HoiHuaau- La Roche) and Brass! etui, 0d% Chtm, Acta., vol XL% 
No. 193,ppl793-1806 (1938). 

Because fee tetrabenazihe used as fee starting material for fee reduction reaction, is 
typically a mixture of the M and $? isomers (i.e. tr#mrP&$km$6&% the 
dfoydrotetrabenaxine formed by the reduction step will have fee same tram 
confutation about fee 3~ and i lb positions and will take fee form of one or more 
Of fee known dihydroteirahenaxine Isomers shown m Bigure 3 abuve. Thus Process 
A may involve taking the known isomers of dfeydTotehabejmKlne. dehydrating 
them, to form the a&ene (If) and then %hydrafe3|f fee alhene (II) nsuig conditions 
feat give the required novel cis M^^Qt^^msmrn xmrmics of the in vention. 
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Dehydration of fee dihydsoMrahsna^ae to the aikene p) can be earned out using a 
variety ofstodatd CKJ«dM<^;.^t : 4^^^^:^eo!io|s10 ferm alteoes, see for 
example 1. March (life???) pages $^390: ^'-^^^eef.te^i. Examples efsucfe 
conditions include the ose of ptespfcr^-based d#Eydrafeg agents such as 
5 phosp&orus haiides or phosphors oxyhaI>des s e.g, FOCij and PCh. As an 

alternative to direct dehydratk*a j: t|ts%&9^£ group of the dihydrote&Bbenadns 
oan.be converted to a leaving group L such as lisiogen (e>g. chlorine or bronsine) 
and then subjected to conditions (e.g. the presence of a base) for eHnrinahog H-L, 
Conversion of the hydroxy! group to a haiide cm be achieved rising methods well 
1 0 known to the skilled chemist,, for example by reaction with carbon tetrachloride or 
carbon, tetrabroaiide In the presence of a trialky! or triaryl phosphine such as 
iriphenyl phosplrine or tributyi phosphine. 

The teirabenajnne xm& as the starting materia! for the reduction to give the 
dihydrotenabenasxine can be obtained commercially or can he synthesized by the 
1.5 Method described m US 2,830,993 (Hoftmann-La Roche). 

Anotber process (Process B) for preparing a dihydrotetrabeaazine of the invention 
composes snbjeeting a compound of the formula (III): 



to conditions for ring-opening the 2,3-epoxide group m the compound of the 
20 formula (111), and thereafter where reqmred separating and isolating a desired 
dihydrotetrahenaEine isomer form. 

The ring-opening can he effected i&a^ methods for epoxide 

ring openings. However, a cosrestby pfetkred method of ring-opening the epoxide 
is reductive ring opening which can be achieved using a rednclng agent such as 
25 borane-THF , Reaction with borane-TMl 7 can be carried out ia a polar nao~prorle 
solvent such as ether (e.g. termhydrofomn) nsoally at ambient temperature, the 
horane complex thus formed be^^s«s^(^%.liy^3^ed by heating in the 




H 



(III) 



II 

pmmtim of wafer and a base at the reflux temp^anae of the solvent Process B 
typically gives rise to dihydrntetefeeaaame Isobm?s Is which the hydrogen atoms at 
the 2« sad 3«positfcm$ have a ek relative orientation, 

The epoxide corn pounds of the tbranua (III) can be prepared by epoxidauoa of an 
5 alkene of fee formula (II) above. The ejxMidafca seaetios mm be carried out using 
conditions and reageats well known to the skilled chemist, see for example J, 
March (.idem), pages 826-829 and xefeemees therein. Typically, a per-acid such as 
M£/»-chloroperben2»ie acid (MCPBA), or amix&ne of a per-aeid and a farther 
oxidising agent such, as perchloric acid., may be used to bring about epoxidation. 

.1 0 When the starting materials for processes A and B above are mixtures of 
enaotlomers, then the product? of the processes will ^pically be pairs of 
enamiomerSj lot example raeerme mixtures, possibly together with 
diastereolsoro«rle imparities. Unwanted diastereoisomers can be removed by 
'techniques such as chromatography (e,g. HPLC) and the iadividual enandonaers can 
1 S be separated by a variety of methods known to the skilled chemist. For example., 
they can be separated by means of 

0 chiral chromatography (chromatography on a chiral support); or 
(ii) forming a salt with an optically pore chiral acid, separating the salts of 
the two dlaifeeolsomers by fractional crystallisation and then releasing the 
20 dihydrotet.mbenazi.ne from the salt; or 

(hi) .fonning a dMyatiye (such as an ester) with an optically pure chiral 
dertvaiising agent (e.g. estsrlfying agent), separating the resulting cphnets (e.g. by 
chromatography) and then eeawerting the derivative to the dihydroterx abenadoe. 

One method of separating pairs of enamioniers obtained from each of Processes A 
25 and 8, and which has been, found to be particularly effective, is to esterity the 
hydroxy! group of the ddiych^etmbeaaxMe withan optically active form of 
Mother's acid, such as the 1 f*) isonier ah^wn below, or an active form thereof 

o 

FX. 



<•. . OH 



I b 

The resulting esters of fee two eaantioMM of the dlb^rob^narffie can then t?e 
separated fey ctemaiogTapky (e,g> HFLOJ Md fte separated esters hydtolysed to 
give the kdividasi difeydrobemisjne isomers using a base mseh as m alkali metal 
hydroxide (e.g. NaOH) Is a polar sMveut s»b as methanol 

5 As as alternative to using mixtures of emuttioffiers as the startmg materials in 
processes A and B md thea carrying out separation of easatieaaers subsequently., 
pKW»s A and B em each be earned onfoa single enantiomer starting materials 
leading to products in which a single ensnborner predominates. Single eaastiomers 
of the alkene $1} can be prepared by subjecting RR/SS tetraberiaxiae to a 
1 0 stereoselective redaction using iitfeium ai-sec-bxrtyl borohydrkle to give a mixture 
of SIRR. and RSS enantlomers ofdshydrotetmbeaazme, separating the eaastlorrsers 
(e.g. by fractional erystalliMtioa) and th«» dehydrating a. separated single 
enaniiomsr of dibydtotetrabenazlae to give predominantly or exclusively a single 
eaa&tiomsr of the compound of formula (11). 

IIS Process^ A and B arc illustrated in more detail belo w in Schemes 1 .md 2 
respectavsly. 
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Scheme 1 
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Scheme I illustrates the preparation of individual dihydrotetrafesnaidne isomers 
having the 2<OS;nbi? and 243t 5 l 1M emrfiguraiions in which the hydrogen atoafe 
attached to the 2- and 3-p&»ti<5fcs are arran^d m a relative orientation. Has 
o leacuoa scneiae xneitKies riwcess a ue&nui *eove. 

The starting point for the sequence of reaeiions hi Scheme I is commercially 
available tetrsbemzise (IV) which is a xaecmie Mstoe of the RR and SS. optical 
isomers of tetmbensjdns. In each of the RR and SS isomers, the hydrogen atoms at 
the 3- and lltHK>sM^M.teag#iais ^f^ reladve orientation. As m 
1 0 alternative to using the commoreiMly available compound, teteberiasos e&a be 
syMhesised aceordfDg fc the poeedure desmbed ha US patet number 2 J3QJ93 
(see m particular example 1 1). 



"His racemie mixture of RR and SS teirabcna?iae is reduced using the borohydride 
seducing agent lithium M~see^M|d botolrydrlde (* %-Ssleetride: 5S } to give a mixtare 
of the ll^ : ^'2i^^f ^ydrotefrabetmi^ of 

which only the 2S3MJ IhR kmms is shown for shnf&eity. By using fee more 
5 steneally demanding i~Seleetride as'fe'l^^s^^/jsiteaag agent rather titan 
sodium herohydiide> formation of the KRE. aad SSS isomers of dihydfo- 
ielrabenaxine is tainirmsed or suppressed. 

The dihydroletxabenasiae isomers (V) are reacted with a dehydrating agent such as 
phosphorus pentacMoride in & non~proiie sol vent such as a chlorinated hydrocarbon 
10 (fox example chloroform or dichiommethane, preferably diehloromefeane) to form 
the unsaturated compound (H) as a pais of enantiomets, only the ^-enantlomer of 
which is shorn* hi the Scheme. The dehydration reaction is typically carried oat at 
a temperature lower than room temperature, for example ai around o~5°Cl 

The isasaturated compound (ID is then subjected to a stereoselective rehydration to 
15 generate fee dlfeydrotetrabenaxine (Vl) m& 'm mirror image or andpode (not 

shown) in which the hydrogen atoms at fee 3~ and 1 lb-positions are arranged in a 
cis relative orientation and the hydrogen atoms at the 2- and 3-posMons are 
arranged in a trans relative orientation. The stereoselective rehydration is 
aewnrplished by a hydroboraiion. procedure nsing hompe-TBF In tetrahydrofuran 
20 (TlfP)io form an intermediate ferane complex (not shown) which is then oxidised 
with hydrogen peroxide in the presence of a base such as sodium hydroxide. 

An Initial purification step may then he carried out (e.g. by IIPLC) to give fee 
product (V) of the rehydration reaction sequence as a mixture of the 25,35, itbM 
and %$M>1 IbS isomers ofwhtch only the 3^30, llbR isoarer is shown m the 

25 Schema la order to separate the isomfej^, : the na xu;r e is treated with R {•*•) 
Mosher's acid, in tire presence of oxalyi ehlofide and dirhefedaminopmdlne 
(DMAF) in dichioromethane to g|v«,^^a^:<^:dl^#^^Me£|e esters (VII) (of 
which only one dlastereoisomar is shown) which can then be separated using 
HPLC. The indi vid ual esters can then he feydroiysed using an alkali metal 

30 hydroxide such as sodium hydroxide to give a single isomer (VI). 
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hi a variation of the sequence of steps shown in Scheme 1, following the reduetioa. 
of RR/8S tetrabenastne, ^ps$8^»g.Mtx^m eleimtiam^s cf the 
dlhy tirotetrabeusame (Yj can be sepax&ted to give the Indivlohmi enaraioTnets , 
Sepmtioa eaa be earned oat by forraiag a salt with a cbiral acid such as (-f) or {-) 
5 c-asiphorsttiphoMC acid, separatii^'^,i3^^g;diasto^i^mers by fractional 
crystallisation to give a salt of a single mmfioxmt m&ihm releasing the fee base 
fxom the salt 

The separated dihydrotetmbmasdne eimtlemer can be- dehydrated to give a single 
enantkffier of the alkene (II), Sisbsequeat rehydration of the allcens (M) will then 
10 give rasdontinaatly or eacMslvefy a single ssaaatiomer of the m- 

dibydrotetrabeaaabe (VI). As. advantage of this yadatioa is that it does wot involve 
the formation of Masher's acid esters and therefore avoids the chromatographic 
separation typically used to separate Moshefs acid esters. 

Scheme 2 illustrates the preparation of individual <Mhydrotetmhenavrine Isomers 
I S having the 1 1 bi? and 2$£R, I ihS coaHguratioas m which the hydrogen atoms 
attached to the 2- and 3-posltloas are arranged in a cis relative orientation. This 
reaodon scheme .includes Process B defined above. 



22 

Scheme 2 



CH,O v 



(IV) Y 
6 



H 

ch*o 



l-Selactrid 



(V) /Sh 



PGi s 
DCU 




MO!O i3 
MCPBA 



SH S -YMF 
rote 
NaOH. H 8 0 2 ■ 




oxaiyl chsotlOe 
DMAP. DCM 




{)} HPLC 



r i 



X 



^X 



(VI H) single isomer 



I» Scheme 2, the unsaturated compound (H) is produced by redoeing ieifahenashie 
to give the 2S,3E,1 IbR and 2RpS s li bS isomers (V). of dlhydrotetebeaasdae and 
dehydrating with fCU in the niauser described above m Scheme L However, 
5 mstead of subjecting the composed (U) -to. hyfebor&uon, the 2 ,3-douhle bond is 
converted to as epoxide by reaction with »J8M^hIoro|>«rberiXoic acid (MCPBA) 
and perchloric acid. The epoxidaCion reaction is conveniently carried out In .art. 
alcohol solvent such as methanol, typical^ at; around room temperature. 

The epoxide (VII) h then subjeet^m^ using harane-THF 

1 0 as m eleetrophiMe reducing agent to give an mMmediate botane complex (not 
shown) which k t\^.^^^^-wd^^v^:m^'k^^m.pmmd^ in the presence 



of an alkali such as sodium feydroxMs to --giye-a'-dlh3^Mjsl)^^e/(VlIl) as a 
mixture of ihe20>SU IM and 283 R A Ifegisomefs, of which only the 2J? ; 3& 1 lb/? 
is shown for simplicity, Treatment of the mixture of isomers (OTX) with # (*) 
Mosher's acid la the presence of oxslyloMojMs aM dimethjdaminopyridlae 
5 (DMAP) m diehloroffieftane gives a pair of epmierie ostein (IX ) (of which only 
one spinier is shown) which can then by separated by chromatography and 
hydrolysed with sodium hydroxide in methanol in the manner described shove m 
selatioa to Scheme 1 . 

10 The cis-dihydi'oteSxgberjazh>e compounds of the invention bind to both sigma-1 and 
sigma-2 receptors, as illustrated in the examples below. The loar isomers of cis~ 
dibydrotetrabeua^me ere a$f>roximaieIy equipotent as %mds for sigma-2 but 
isomers 8 and D bind more strongly to the sigma4 receptor then do isomers A aad 
C, 

15 B Is envisaged that, on the basis of their sigma receptor binding activities, the ck~ 
dihydrotetmbenaxine coinpotmds of the invention mil be useful in inhibiting or 
preventing the proliferation of tumour cells. 

Hie; ability: of die compounds to inhibit or prevent fee proli feration of tumour cells 
em. be determined by testing the compounds against various tumour cell lines, for 
20 example as described in Example 6 below or using the methods described in Spruce 
m al, Cancer R&mar&h (2m)4) s d4: 4S75-48S6. 

hi addition to in vitro studies on cell lines, fee compounds of the invention may also 
be tested m In vivo .in .human tumour xenography in Imninno-comproeiised nii.ee, 
tor example as described in Spruce ef p004) ; page 487,. 

25 it is also envisaged feat the compounds of the invention will be active as anti- 
inflammatory agents. The an.ti4nfiammMory activities of the compounds can be 
tested using a variety of imoihods well bsown to tbe skilled person* 

The ability of the composnds-of igje-.m^ali^.to'^t aribriris can be demonstrated 
in any one or more of the following test assays and models: 



(i) A murine oolkgea-kfused artMiis Model as descdfeed m KaMmoto &t al , Cell 
Immunol. 142: 326-337, 1992:. 

(II) A rat eoiiagendndoced arthritis model as described in Eueerzer £?I S 2We<>£ 
25:13-19, 1997. 

5 p) A rat adjuvant arthritis model as descn&ed m Hallomn et al t Arthritis Rhmm. 
39: 810-819, 1996. 

(iv) A ml streptococcal cell walhinduoed ardnitis model as described b Sclumraer, 

mpmml 160: 1 466-1 47A 1998. 

(v) A 8CID-mou.se human rkmrnatok! arthritis model as described ta Oppenheimer-- 
10 Marks et al. , 7. C/w. /m>ay/. 101 : I261~I2?2 ? 1998, 

The ability of comi^uads of the invention to treat in&mmatey Sung injury can. be 
d«moustmted by the following assays and test models: 

p) A murine oxygea-mdueed lung injury model as described m Wegner et al, 
Ltrng 170:267-279, 1992, 

1 5 (vii) A murine immune complex-induced lung injury model as described m 
Mulligan «f 7 Immunol. 154:1350-1363, 1991 

(via) A murine add4ud«eed lung mjury model as described in Nagase efal,Am, J. 
Kmpir. Crtt, Care Mecl 154:;#4-5I0 ! 1996. 

The ability of die compounds of the invention to treat ioiammatory bowel disease 
20 can be demonstrated m a rabbit chemical-induced colitis model as described in 
Sennet et al. t J, Pharmacol Exp. Ther, 1997. 

The ability of compounds of :%v^tles treat, iaflamat&iory liver injury eaade 
demonstrated in a murine liver mjury model m described in T&nafca et at, J. 
Immunol 1 51:5038-5095, 1993. 



The ability of compounds # fe ia\m%»to u^at gteemlar injury 

can be demonstrated in a rat nephrotoxic scram nephritis model as described m 
Kmmszkk&t ai. l Immunol. 150:1 074- 1 083, 1993, 

The inflammatory activity of &e c^ounds of Ite iB¥eatio« Is also indicated 
by their ability to reduce ih& i^ducto of pro4m1ammatoty cytokines and Inhibit 
T~cell proliferation as described in the Examples Wow. 

yharsMaceisifeal lorsnti Inttons 

11c dihydrotetrabenazine compounds arc typically administered in the form of 
pharmaceutical compositions. 

The phatmaceuHe&I compositions can be in any form suitable for oral, parenteral, 
topical, mtrartasai, intmhronohiaL ophdmbme, otic,, rectal, Infra-vaginal., or 
transdermal administration. Where the compositions are intended for parenteral 
admimstraiidn, they « be formulated for intravenous, inframnseuiar, 
intraperitoneal, subcutaneous administration or for direct delivery into a target 
organ or tissue by injection, utrbslon or other tneans of delivery, 

Fharmaceuucai dosage mmnsm^&gxmi sd&mmztten include tablets, 
capsules, capiets. pills, lozenges, symps, sdiptions;, sprays, powders, granules, 
elixirs and suspensions, sublingual tM^.^y^ m^w patches and haecal 
patches. 

Pharmaceutical compositions containing fee dihydratetrabeaaKiue compounds of 
the Invention can be formulated in aecordao.ee with known -techniques, see for 
example. Remington's Rbarmaoeutica! Scisnces v !v&ck Publishing Company, 
Easton, PA, USA. 

Thus, tablet compositions can contain a unit dosage of active compound together 
with an inert diluent or enrxler such as a sugar or sugar akohoL e.g.; lactose, 
sucrose, sorbitol or manrritol; amM>r a non-sugar derived diluent such as sodium 
carbonate, calclmn phosplsate, t&lo, calcium carbonate, or a cellulose or derivative 
thereof such as methyl cellulose, ethyl cellulose, hydroxypropyi methyl cellulose, 
and stashes such as corn sfarcn. Tablets may also contain such standard 



ingredients as binding and gmnkatkg agents such as polyvmyipyrtolidons, 
disktegrants {e.g> swellaMe erossHnked polymers such as OTOsshnfced 
eafboxymedxylcellislose), h&icanni a|ptts <e«g; sSearate^vpreseivatrves (e.g. 
parabens) s aatto^d^;(«;g, : BBT), 1$a$(^g.^tots (ft>r e&arrqde phosphate or 
S citrate buffers), and effervescent ageks such as dtmt^iearboRate mixtures Such 
exeiplents are well known, and do not seed to be -diseased in d etail hem 

Capsule lobulations may be of the hard gelaik or soft gelatin variety and eaa 
contain the active component k solhi. semhsoM, or liquid form. Geiatia capsules 
can be formed from animal gelatin or synthetic or plant derived equivalents thereof 

10 The solid dosage forms (e.g»; tablets, eapskesefet) can he coated or un-coated, but 
typically have a soatkg, for example a protective film costing (e.g. a wax or 
varnish) or a release controlling coating. The -coating (e<g. a Eudragit ™ type 
polymer) can be designed to release the active component at a desired location 
within the pstro^atestmal tract, tints, the coating can be selected so as to degrade 

! 5 under certain pH conditions within the gastrointestinal tract, thereby selectively 
release the compound In the stomach or in the ileum or duodenum, 

instead of* or k addition to- a coaling, the drug can he presented k a solid matrix 
comprising a release controlling agent, for example a release delaying agent which 
may be adapted to selectively release the compound under conditions of varying 
20 acidity or alkalinity in the gastrointestinal tract Alternatively., the matrix material 
or release retarding coating can take the form of an credible polymer (e.g. a malele 
anhydride polymer) which is substantially continuously" eroded as the dosage form 
passes through the gastroktestkal tract. 

Compositions for topical use kebde ointments, creams, sprays, patches, gels, 
25 liquid drops and inserts (for example ktmoekar kserts). Such compositions can be 
formulated k accordance with known methods . 

Compositions for parenrMal ^miksftatioh are tj'picaljf presented as sterile 
aqueous or oily solutions or fine suspensions, or may be provided in finely divided 
sterile powder form for making up extemporaneously with sterile water for 
30 injection. 
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Examples of fammlatioas fo£ rectal ^intr^^^i^.aelm^i^tion include 
pessaries and suppositories wMeftm&y h^-M ej^pte, iteed. from a shaped 
mouldable or waxy material containing the active compound. 

Compositions for adminiatraiioo % inimMon may tals the i>rm of Miakble 
5 powder compositions or liquid or powder sprays, and can fee administrated ia 
standard farm using powder inhaler devices or aerosol dispensing devices, Such, 
devices are well knows. For administration % k&aktion, the powdered 
formulations typically comprise the active compound together with an inert solid 
powdered diluent such as lactose. 

1 0 The compounds of the inventions will generally be presented In unit dosage form 
and, as saeh, will typically contain sufficient eoropoimd to provide a desired level 
of biological activity. For example, a fbrnudation Intended tot oral administration 
may ©ordain from 2 milligrams to 200 milligrams of active ingredient, snore usually 
fens 10 milligrams to 1 00 miiBgrama, for example, 12.5 milligrams, 25 miBigr&ms 

15 and: SCI milligrams, 

The active compound will be administered to a patient in need thereof (for example 
a human or animal patient) in an amount sufficient to achieve the desired 
merapentie effects 

Hie subject in need ofsoch admimstration is typically a patient suffering from or at 
20 risk of suffering from a pro liferati ve disease such as cancer or an inflammatory 
disease as hereinbefore defined. 

The compounds will typically be administered ia amounts that are merapsutleally 
or proplryiaciieally usefef and which generally are non-toxic, However, m certain 
situations, particularly in the case of cancer treataent, the benefits of administering 
23 a dilwdrotetmbenazine compound of the invention may outweigh the disadvantages 
of any toxic effects or side effects, in -winch Case it may be considered desirable to 
administer compounds in amounts that are associated with a degree of toxicity. 

A typical daily dose of the compound can be up to 1000 ing per day, for example in 
the range from 0.01 milligrams to 10 mlBigtams per kilogram of body weight, more 



usually from 0.025 milligrams to 5 : a^fl^r8^'p^M<>#aaii.of body wight, for 
example apto3 milligrams par Idfopsm of body weight and more typically 0.15 
milligrams to 5 milligrams per Mlogram of bodywelght ahhoagh higher or lower 
doses may be administered where requited, 

5 For the treatment of eaaoers, the eompoBads of the formula (1) cm 'be administered 
as the sole therapeutic ageat or they can be administered fo combination therapy 
with one of mote other compounds ibr treatraeat of a particular disease state, for 
example a cancer as herek&efore defeiod, Examples of ether therapeutic agents 
and methods that may be used or administered together (whether concurrently or at 
1 0 different time Intervals) with the compounds of the formula (I) include but are pot 
limited to : 

* Topoisomerase I hiMbliors {for example campiofoecin compounds such M 
topotecan (Hycaafon), Muotecaa and CPT1 1 (Camptosar), 

* Antimetabolites (for example^ aati~tumo«r nucleosides such as 5 -~ 

15 Suorouracit genmitabine (Geaasar), ralthrexed (Tomudex), capeeltahiue 

(Xeloda), pemerrexed (Alimta), eytar&bine or cytosiae arabiaoslde or 
atabmosyieytoslne fAraC] (Cyiosarfs), methotrexate (Mattes;), fiudarabiae 
(Ffodara) arid tegafur. 

* Tubulin targeting agents (for example, viuca alkaloids, vinbkstme and 

20 taxaae compounds such as vincristine (Oncovin), vmorelbme (Navelhlne), 

vinblastine (Yelbs). paeKtaxd (Taxol) and doeetaxei (Taxotete), 

* DMA hinder and topo II snMhitbrs (for example, podophyilo - toxin 
derivatives aad aathracyclfoc derivatives such as eloposide (Eposm, 
Etophos, Vepesid, VP46), tealposlde (Vumon), dauaoniblsb (Ceruhidme, 

25 BaanoXome}, apirublcia £Pharmorub«ia), doxorubicin (Adriamyein; DoxM; 

Rnbex), idarubicin. (Zavedos), pegylated liposomal doxorubicin 
hydrochloride (Caeylx), liposome encapsulated doxorubicin citrate 
(Myoeet), m&oxamrone (No^^ 

* Alkylating Ageats (for example, nitrogen mustard or nitrosourea alkylating 
30 agents and aztridla.es such as cyoiophosphamlde (Bodoxana), melphalan 

(Alkeraa), chlorambucil (LM®»a% bJi^pts^Myleraa), caonnstin« 



(BiCNU), kmx^m-(Q0^ ? ^^mM»^M^XB^ mitomycin 
(Mitomycin C Myoma), 

« Alkylating Agents (tw exmnpfej faatannia eomponnds sneh as <»splatm, 
c-arboplatin (Parapktia) and oxahpiathi (Eloxatia} 

* Monoclonal Antibodies (for axsrnple, the EOF femliy a»d Its receptors aad 
the VEGF family and Its receptors, More particularly tetuzuamb 
(Hereeptm), eetirxhnab (BrbhnxX rHirxhnab (Mahthera), tosmrmomab 
(Bexxarh gemtuzirmah oxogamkk (Mylot&rg) and bevaclzumab (Avastia). 

* Anti-Hormones (tor example asrtj-aadrogeas iudnding sati-estmgea agents 
(e.g. arornatase inhibitors) such as tamoxifen (Nolvadex D, Sobamox, 
Tamofea), Mvesfemt (Fastodex), raloxifene (Byista}> toremlfene (Faresusa), 
droloxifene.. lenmole (Fernara), smstoxole (Arimidex), cx&mmtsm 
(AromasM), vorozole (Rsvlmr), bkaiutamide (Casodex, Cosadex), luprolkie 
(Zoladex), megestrol ace&te (Megace), ammoglntethhnide (Cytsdrea>.aad 
bexarotene (Targrelui) . 

* Signal. Transduction Inhibitors (such as gefukhb (Iressa), imatiaib 
(Gfcevee), erlothnb (Tarceva) aad eelecoxib (Celebrex). 

* Ibnieasome Inhibitors such as boneximih (Veleade) 

* DNA methyl transferases such as tentozoiouskk (Temodar) 

* Cytokines and retinoids such as interferon alpha (lutroaA, Roferon - A), 
interlenkia 2 (Aldesleukin, ProkuMn) and ail m$ns~retlnoic acid [ATKAj or 
tretinoni (Vasanoid). 

* Radiotherapy. 

'Where the compounds of 'the l»v&aUan'«%..admln}steKl. together with other 
therapeutic agents or therapeutic methods in a combination: therapy, the two or 
more treatments may be given In Mdividnally wying dose schedules and via 
different routes. 

Where the compound of the mvenilon Is adinhsisSiresd m combination therapy with 
one or more other therapeutic agents, the mmponnds can be administered 



W 

simultaneously or sequentially, Wkm administered seqnentially, fey can he 
administered at closely spaced imervafe (for example over a permd of 5-10 minutes) 
or at longer intervals (for example 1, 2. 3, 4 9r : m^ : £ot$m.#^ or even longer 
periods apart where required), the precise dosage regimen being commensurate 
5 with the properti es of the therapeutic agent(s). 

The compounds of the invention may also be admMstered m conjunction with non~ 
ehemoiherapentie treatments such as radiotherapy, photodynaraic therapy, gene 
therapy: surgery and controlled diets. 

For use in combination therapy with another ckum>therapexitie agent, the 
i 0 compound of the invention ami one, two, three* four or snore other therapeutic 
agents can be, for example;, formulated together in a dosage form containing two, 
three, four or more d^erapeuiio agents. Irx m alternative, the individual iheraputio 
•agents may be formulated separately and presented together in the form of a kit, 
Optie-naily with Instructions for their use. 

.i§ Bwm mscmmoN of the drawmgs 

Figure i illustrates the effect of the compounds of the invention, Isomer B (RU350) 
and isomer D (RU346), on the production ofTNPa by monocytes. 

Figure 2 ifetrates the effect of the compounds of the -invention, Isomer B (RU35G) 
and isomer D (RU346), on the production of XL-4 by monocytes, 

20 Figure 3 illustrates the effect of the eon-pounds of the- invention. Isomer B (RU350) 
and Isomer D (BJJ346), on the production of by 'human, monocytes. 

Figure 4 illustrates the effect of the compounds; of the invention, isomer B (RU35Q) 
and Isomer D (B.U346), on the production of IL-S by 'human monocytes. 

Figure 3 illustrates the effect of &e ooffiponrais of the invention, Isomer B (RU350) 
25 and isomer D (BXJ346). on the production of £L-4d by human monocytes. 

Figure 6 illasdates the effect of the compounds of the Invention* Isomer B (B.U350) 
and Isomer D (RU34&)* on the production of XL- 12 by human monocytes. 
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EXAMPLES 

The following nQrHimitmg examples ifhys&ate the synthesis and properties of fee 
dihydroletrah&Mztae compounds of the irwehiion, 

EXAMPLE 1 




| A. Reduction of .i?.^/^ Tetrabsnaaftay 




MX-S.sl^td^e* : 'lp ietebydrofeaa (1.35 ml, .135 ramol, 2.S7 e%) was added 
slowly over 30 minutes to a stirred solution ofteirabett&ziue RM/SS m&mm (15 g f 
10 47 mmoi} in ethane! (75 ml) and tetiahydcoferan (75 ml) at 0 *C, Alter addition 
was complete the mixture was stirred fit 0 °C for 30 minutes and then allowed to 
warm to room temperature. 

The mixture was poured onto crashed see (300 g) and water (1.00 ml) added. The 
solution was extracted with diethyl ether (2 X 200 tat) and the combined ethereal 
1 5 extracts washed m th water ( 1 00 ml) and partly dried over anhydrous po tassium. 
carbonate. Ikying was completed using aahydxoBS magnesium sulphate- and, after 
filtration, the solvent was removed at reduced pressure (shielded .from die light, 
bath, temperature <20 °C) to;aife#'a : |^.e^e|imV'^lM. 

The solid was slurried with pelroismn ether (30-40 *C) and filtered to afford a 
20 white powdery solid (12 g s 80%), 






H' OH 




wo mmwm 



32 



h* oh 



3H O^-'N^N 



H # '"OH 
2P?.?.S,1U>S 

Phosphorous peutacMorlds (32.8 1, 1 S7 J samsi, 2J ecj); was added in portions over 
30 mloutes to a stirred solution of She reduced ietrabenazbie product tora Example 
I A (20 g ? 62,7 mmol) in d?.eWorom«thane (200 ml) at 0 °C, Alter the addition was 
5 complete, the reaction mixture was stirred at 0 °C for a further 30 minutes and the 
solution poured slowly into 2M aqueous sodium carbonate solution containing 
crushed ice (0 °C), Once the initial acM gas evolution had ceased the mixture was 
basirled (ea. pB 12) .using solid sodium carbonate. 

The alkaline solution ym. extracted using ethyl acetate (§00 mi) and the combined 
10 organic : extmets dried over .anhydrous magnesium sulphate, After filtration the 
sol vent was removed at reduced pressure to afford a brown oil , which was purified 
by column, chromatogmph y (silica, ethyl acetate) to afford the semi»pure alksne as a 
yeliowsoltd (1.0.87 g, 58%). 

1 C ... Hydration of the Crude . Alkenc . from Exampie ...IB 



CH !°S y; ?N..,^. 



i 



^•^s A. 



w-P-Y^y^ h oh 

Clip ~ N i \ 



^*V^X- W> i! A cap, ^ 



h "m 

|,5 2A?,3*11feS 
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A soluto of the crude slkens (IQM g 5 36,1 I mmoi) firom Example IB m dry THF 
(S2 ml) at room teniperalme was treated wife lMteaj»«IMF (135,6 mi, 135,6 
Twml 4.30 eq) added ini dropwise marmsr, the re&elfou was sdrred for 2 hours, 
water (20 -ml) was added ami the somiioa Msified to pH 12 with 30% aqueoos 
5 sodium Iiy<tadde solution 

Aqueous 30% hydrogen peroxide soteioa pO ml) was added to the stirred alkaline 
reaction mixture md the solution was bested to rdfiox for I hour before befog 
allowed to cool. Water (1.00 ml) was added and the mixture extracted with, ethy l 
acetate (3 x 250 ml> The organic extracts were combined aid dried over 
1 0 aahydrous niagneslmu sulphate and after fifir&tiou the solvent was removed at 
reduced pressure to afford a yellow oil (9 g). 

The oil was purified using preparative HPLC (Columns Ochrospher Si60, 5 ytm, 
250 x 21 ,20 rum^ mobile phase; hexaoe : ethanol : didiforomethane (85:i5:5}(tTv 
254 smu flow: 10 M mn l ) at 350 mg per iin>eifoa followed by «oneeutration of the 
1 5 fractions of interest under vacuum. The product oil was then dissolved m ether and 
eoncerrtraied once more under vacuum to give the dihydrotetraheuaziss racersate 
shows above as a yellow loam (5.76 g, 50%), 

I D, Frepar#IO « of Mosbers ester derivatives 



20 R-(f)-a-metboxy"a~trifhiOTOme&>dph^yl acetic acid (5 g s 2 1, 3 5 aunol), oxaly! 
chloride (2,02 ml) and DMF (0 J 6 ml) wets added to anhydrops dicMorometharse 
(50 ml) and fee solution was stirred at rooameniperanae for 45 minutes. The 
solution was concentrated raider rednaed presswaudfe was taken up in 

ar.ihydrous dichlorsmethane 00 ml) once more. The resuirfog solution was cooled 

25 using m ies-water bath aud dimemylamiriopyridine 0M g, 31,34 mmo!) was 
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added followed by a pre-dried solatlon (over 4 A sieves) in ado/drons 
dicMotometimrie of the solid product of Examp & 30 (5 g. 15 £ ptsol), After 
stirring at room tsmperstore Jsr 45 miawtesj water (234 ml) was added and the 
mixture extracted with ether (2 x 200 mi). The ether extract was dried over 
5 anhydrous magnesium sidplMe* passed tjjrough a pad of silica and the product 
elided using stiver. 

The collected ether eluate was concentrated vmtet reduced pressure to afford an oil 
which was purified using column sntomatography (silica., fcexane : ether (10: 1}}, 
Evaporation of the collected column fractious of interest and removal of the solvent 
10 at reduced pressure gave a solid which was farther purified using column 

ehransatcgraphy (silica, fcexamr : ethyl acetate "(1 :!)) to give three main components 
which were partially resolved into Mosher s ester peaks 1 sad 2. 

Preparative HPtC of the three components (Column: 2 x Lichrospher Si(>(h 5 pin, 
250 X 21. 20 mm? mobile phase: hexane : isopropanol (97:3), W 2S4 mi; Sow; 10 
IS m| mm" 1 ) at 300 mg loading followed by concentration of das tractions of Interest 
under vacuum gave the pure Mosher *s ester derivatives 

Peak 1 (3,89 g, 46.5%) 
Peak 2 (2M g, 33%) 

The tractions corresponding to (lie two peaks were subjected to hydrolysis to 
20 liberate the individual diliydrotetnahen.ax.ine isomers identified and characterised as 
Isomers A and B, Isomers A and B are eacli believed to have one of the following 
structures 

oh«o s ..^ ^-x caps, ^ 

I jf I if! > 

CH S 0 ^ | CH s O ^ H ,:r. 1 | 

H OH H OH 

2s,3.s.tu.,»? xwaA'.riha 

Mora specifically, isomer B is believed to have the 2S, 3§ HbR absolute 
25 configuration on ^ : tei^^tjb-X*ray'ofj^[o§^fcy e^psrimeuts described in 
'Example 4 below. 
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IB'. . Hydrolysis of Peak I to give isomer A 

Aqueous 20% sodium hydroxide- solution ia% -visas added to a solution of 
Moste's ester peak ! (3,89 g, 7,27 mmol) in methanol (260 ml) and the mixture 
stirred and heated to reflux for ISO minutes. After sooimg to room temperature 
5 water (200 ml) was added and the solmioa exttaeted with e&er (600 ail)> dried over 
anhydrous magnesium sulphate and after fiitratjoas coffijeatrated under reduced 
pressure. 

The residue was dissolved using ethyl acetate (200 mi), the solution washed with 
water (2 x SO mi), the organic phase dried over anhydrous .magnesium sulphate and 
after .filtration, concentrated under reduced pressure to give a. yellow foam. This 
material -was purified 'fey column chromatography (silica, gradient ehrdon of ethyl 
acetate j hexane (I : 1) to ethyl acetate). The fiactious of interest were combined and 
the solvent removed at reduced pressure. The residue was taken up in ether and the 
solvent removed at reduced pressure once more to give Isomer A as an off- while 
foam (Id g, 47%). 

Isomer A, which is believed to have die 2R s $R s i IhSeoafigaration (the absolute 
stereocheraisuy was not determined)., was characterised by ^B-KMR, 5 3 €-NMR, 
IE, mass spectrometry, elnrai HPLC and ORB. The IE, WAR and MS data . tor 
isomer A are set out in Table I and the Chirai BFLC and ORD data are set out in 
20 Table 3. 

iEJiydrolysm 

Aqueous 20% sodium hydroxide solution (62.5 ml) was added to a solution of 
Mashers ester peak 2 (2.78 g, 5.19 mmol) in metft&uo! (185 mi) and the mixture 
stirred and heated to reSnx for 1 50 minutes. After cooling to room temperature 
25 water (1 42 ml) was added and the seMioa extracted with ether (440 ml), dried over 
anhydrous magnesium sulphate and after filftariom coventrated under reduced 
pressure^ 

The residue was dissolved «si»g : etfeyfcaee^te.pQO M)itbe';&I«ti©n washed witli 
water (2 k 50 ml), the organic phase dried over anhydrous magnesium sidphate and 



10 



15 



after filfratiosii ooneesitrated under j^sisape^ Pel^lsuta ether £3&40 *C) 

was added to the residue and the solution eenesstmted ander vacuum ooec more to 
give Isomer B as a white fossa (1*34 g* SI 

Isomer B 3 which Is believed to fee fee So^SI ifeit eonfipiratrou, was 
5 characterized by 5 H«NMl, B C~NMR, 1R, H?ass..s|se!?iiss«et?5f > chiral HPLC, ORD 
m& X-ray crystallography. Toe XR 5 KMR and MS data for Isomer S are set out m 
Table I and the Chiral HPLC and ORD data ass set out hi Table 3, The X-ray 
erystaiiography data are set out m Exampfe A 

EMMPLE2 
10 Pj»g3|gtlon^ 

A solution cotrtamiug a mcemte mixture (15 g„ 4? mmol) of.&£ and S$ 
tefeabeaazine eaaatiomers in tetrahydtofurau was subjected to redaction -witSiL* 
Seteetride® by the method of Example 1A to give a mixture of the 2&,3it,nfei? and 
15 2&35U XW erjandomers of dibydrotetrabetsaxbe.as a white powdery solid (12 g f 
$QYi), The partially purified dihydsotetebeaaziae was thea dehydrated using P€l$ 
aecordiag to the method of Example I B to give a sena-pure mixture of 1 lh.R a«d 
||3b#:|^ajW::of23~d[«feydrotetral>eaa2aae (the 1 \bB. enamiovrser of which is showa 
beiow| as a yellow solid (12.92 g, 68%), 



20 




2^ Epo^idao^i jrf die C 
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CH s O 



To a stated solution of the crude alkene /from Example 2A (12,92 g, 42.9 aimol) m 
methanol (21 5 ml) was added a solution of 79% perehlorse acid (3.70 'ml, 43 mmol) 
k methanol (215 mi> 77% S-ChlosoperoxybeBzofc acid (15.50 g, 65 intnol) was 
5 added to the reaction and the tesuitjsg mixture was stirred for 1 8 hours at room 
temperature protected from light 

The reaction mixture was poured into saturated uqusoas sodium sulphite solution 
(200 ml) and water (200 ml) added, Cbioro&rm (300 ml) was added to the 
resulting emulsion sad the mixture basifled with saturated aqueous sodium 
10 bicarbonate (400 mi). 

The organic layer was collected aud the aqueous phase washed with additional 
chloroform (2 % 150 ml). The combined chloroform layers were dried over 
anhydrous magnesium sulphate aud after filtration the solvent was removed at 
reduced pressure to give a brown oil (14.35 g, yield > 1 00% - probable solvent 
1 5 remains in product). This material was used without further purif icatioft. 





H OH 



M 




H OH 



2S.3K,11bS 
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A stirred solution of the crude epoxide j&oM Ixampfa 2B {14.35 g, 42,9 mmol, 
assemkg 100% yield) in dry THF (SO mi) was treated 4bMgy with !M bomnc/X'HF 
(1 84,6 ml, 1 84.6' mm©i) ow 15 mlmrtes, I he reaction was surred for two hours, 
water (65 ml) was added and the &oM6o» beated with Mmsg to Miux for 30 
5 minute, 

After cooling, 30% sodium. hydroxide solution (97 ml) was added to the reaction 
mixture followed by 30% hydragea p«ro>ddg setation (48.6 ml) sad the reaction 
was stirred and heated to reflux for an additional I hour. 

The cooled reaction mixture was extracted with ethyl acetate (500 ml) dried over 
10 anhydrous magnesium sulphate and after filtration the solvent was removed at 
reduced pressure to give an oil Hexane (230 ml) was added to the oil wd the 
solution ^concentrated under reduced pressure. 

The oily residue was purified by column chromatography (silica, ethyl acetate). 
The .fractious of interest were combined and the solvent removed under. *eds©e$ 
1 5 jsressure . The residue vm porrfkd once more using column chromatography 

(silica., gradient, hexane to ether). The fractions of mierest were eombmed and thte 
solvents evaporated at reduced pressure to give a pale yellow solid (5.18 g, 

ll^:.E|gpjjMjo^.ef Moahep : ester dcrlvativea of the 2R3SJ. lb 8 and 2&3itl IbS 
Isomers. of Dlhvdrotetiubeua^ne 



R~c;r)-a~memoxy~o^ 19.98 mmo.!), oxaljd 

chloride (L90 ml) and D.MF 0. 1 3 ml) were added to anhydrous diehloromethane 
(46 ml) and the sohnion stirred at room temperature for 45 minutes. The solution 
was concentrated under reduced pressure and the residue was tafcen up in anhydrous 
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dicMommethane (40 ml) axm more. The ir^sxiJtirig soteloa was cooled using m 
ice-water bath and dimethykmnnopvridme (3.6S g, 29,8? .mmol) was added 
followed by a pre-drled solutioa (over 4A sieves) M anhydrous dieMoromeihaoe 
(20 ml) of fee solid p^u#of-E^TO^k2C:(4^&146-:i^oI^ After staling at 
5 room tepeMure for 45 ®i»yfcs s water 034 ml) was added sod the mixture 
extracted with ether (2 x 200 ml). The ether extract was dried over anhydrous 
magnesium salpfeaie, passed through a pad of siliea and the product elated nsfng 
ether. 

Ttie collected ether efuate was ccaxcentmted under reduced pressure to afford an oil 
10 which was purified using column chromatography (silica, kexane : ether (1:1 )).. 
Evaporation of the collected column if actions of interest and removal of the solvent 
at reduced pressure gave s pink solid (6.53 g) 

Preparative HPLC of the solid (Cohmnu 2x idehrospher SidO, 5 prn s 250 x 21.20 
mm; mobile phase hexane : Isopropanoi (97:3); UV 254 am; low: 10 ml tarn 1 ) at 
1.5 100 mg loading followed by eoaceatration of the tractions of interest under vacuum 
gave a solid Which was slurried with petroleum ether (30-40 °C) and collected by 
fteafioa to give the pure Mosher s ester derivatives 

Peakl (2.37 g, 30%) 

Peak 2 (2,42 g, 30%) 

20 The fractions corresponding to the two peaks were subjected to hydrolysis to 

liberate the individual dihydrotetraberiazine isomers identified and etaacterised ss 
Isomers C and D> Isomers C and D arc each 'believed to have one of the following 
structures 
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KM aqueous sodium hydroxide soludoa (53 ml) was added to & stirred solution of 
Mosheris este peak I (2-37 g, 4.43 mmol) in methanol (15% ml) mi the mixture 
stirred at reflux tor ISO minutes, ;A^;^I»g- ^Mmi^Myms added to the 
reaction mktnre sod the resulting solution exh-acted whh other (576 ml). The 
5 organic extract was dried over aahydtous magrajsium sulphate and after filtration 
the solvent removed at reduced pressure. Bmyl acetate ml) was added to the 
residue aad the solution washed wait water (2 x 50 ml}. The organic solution was 
dried over anhydrous mapresium sulphate and after filnation the solvent removed 
at reduced pressure. 

1 0 This residue was treated with petroleum ether (30-40 °C) and the resul ting 

suspended solid collected by filtration. The filtrate was concentrated at reduced 
pressure aad the second batch of suspended solid was collected by filtration. Both 
collected solids were combined aad dried under reduced pt^ssnte to give Isomer C 
(1,0 g, 79%). 

I 5 isomer C, which is believed to have either the 2EMlim or 2S,M,im 

configuration (the absolute stereochemistry was not dete«aimd) > was ohamcteris^d 
by %i^MR, °&~MMR* M s mass spectrometry, chiral HPLC and OM>, The 
NMR W& MS data for isomer C are set out in Table 2 and the Crura! WW and 
OKi) data are set out in Tabic 4, 

20 2G. Hydroiys* of P^aje 2 to give Isomer D 

im aqueous sodium hydrOKide solutfeu (53 mi) was added to a stirred solution, of 
Moaner's ester peak 2 (2.42 g > 4.32 mmol) in aiethaiol (158 mi) aad the mixture 
stirred at reflux for 150 miaates. After cooling water (88 mi) was added to the 
reaction mixture and the resulting solution extracted with ether (576 ml). The 
25: organic extract was dried over anhydrous Magnesium sulphate and ate filtraios 
the solvent removed at deduced pressure. Ethyl acetate (200 ml) was added to the 
resid ue and the solution washed with water (2 x 30 mi). The organic solution was 
dried over anhydrous magnesium gulpli&fe. ^.a^er-St^afioa the solvent removed 
at reduced pressure. 
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This residue was treated with f etroleom eiher (30-40 *0| and the resulting 
suspended orange solid^8eet&4 % Sif^a&.- The solid was dissolved in ethyl 
acetate : hexaae (15:85) and purified by eelututt ofeom^grapJiy (dikas gradient 
ethyl acetate : hexaoe (15: 85} to ethyl acetate). The fiaetions of interest were 
5 eoaihmed and the solvent removed at reduced pressure- The residue was si umed 
with pefeoteum ether (30-49 ^C) and the resoMfeg suspension collected by filtration 
The collected solid was dried under reduced pressure to give Corner Das a white 
solid (0,93 g 5 64%}. 

Isomer D :I which is believed to have either the 28,1%1 IhM or 2S,3JU IhS 
1 0 configuration (the absolute stereochemistry was oof determined), was characterized 
by \H-NMR, n CW£R, IR, mass spectrometry, cMral HPLC and ORD, The IR S 
NMR and MS data tor Isomer 0 are set out in Table 2 and the CMral HFLC sad 
ORD data are set out in Table 4. 

hi Tables 1 sad 2, the infra red spectra were determined using the KBr disc method. 

15 The Hi NMR spectra were earned ont on solutions in deuterated ehiomtbrm using a 
V y arran Qmm NMR spectrometer (200 MHz.}. The a C NMR Spectra were carried 
out on solutions in deuterated chloroform using a V ariaa Gemini NMR 
spectrometer (50MHz). The mass spectra were obtained using a Mkromass 
Platform II (EE* conditions) spectrometer. In Tables 3 and 4, the Optical Rotatory 

20 Dispersion figures were obtained using an Optical Activity PolAAr 2001 instrument 
in methanol solution at 24*C. The HPLC retention time measurements were carried 
out using an HP 1.050 HPLC cinematograph with IIV detection. 



Tables 1 and 2 -- Speenoscople Data 



1 Table 1 j 


| Dihydrotetrabesazsne isomer 


spectmm 
(CDCh) 


;? C~HMR 
speetram 
CCDCi,) 


! IR 
| Spectrum 
{ (KB? solid) 


Msss j 
Spasmus [ 
(ESI | 


i 

| bomers A md B 


6,(>?<S SH(s>; 


! 47.75; 


1 2930 cm" 1 ; 


MB* 329 \ 


j 


6.5? * W {%}; 


t47.SS; 


| 2928 cm*; 


j 


| I (>6H in); 


J30.5*: 


1 2S6S em'*', 


i 



N 



J! OH 



CH s O 



S 11,NMR 
spectrum 

L ^fX\^_ 

3.55 gjB (br. d);" 

3,08 § LH («:>}; 

2.79 8 2K(m); 

2.17 § |;H(s«>; 
l.?2of>H{m); 
t.02 8IH(tn); 



spectrum 
(CDCb) 
S27.65; 

{ 12.IS; 

1M.4S; 

70.S& 

57,5 5; 

56.5 §; 

r 

| 56.3 5; 
| S4.S §; 
j 55.2 S; 
I 40.4 3; 
I 40.1 S; 
\ 36<0 §; 
| 21SS; 
26,2 i5: 



IR 
Spectrum 
(KBr solid) 

1510 em" 5 ; 

1511 cm : ; 
i 3464 ess 

i 564 cm' ; ; 
3324 cm ; ; 
1258 an 1 ; 
1223 csu ! ; 

1 1.44 em*-; 
1045 cm"'; 
10O6W-; 
fj0euT; 
785 <:!■)•'; 
764 as'' 



Spectrum 
CBS") 





B%rfrote&sl5efta£iw isomer 


'H-NM.R. 
speetrtsm 

icogji 


13 C-MMR 
speclram 
(CDCfe) 


IR 

Spectrum 
(KBr solid) 


Mass | 
Spectrum 
(ES*> j 


Isomers C ami D 


6.6&§i.H(s)j 


347.8 §; 
347.7 5: 
130.4 6; 


3370 cm"'-, 
2950 cm A i 


I 

MK 320 j 
j 




6,58 § -R (s); 
3i>2 61H (m}' : 


2929 cm 0 ; 






3.84 56H{% 


327,2 §; 


J6U cm*'; 






3.15:S IK<m); 


112.8% 


1532 car? ; 








108.3 6; 


1463 cm 3 






2.43-S4H(m); 


72.4 6; 


1362 cm' 1 ; 






LSI MB <m 


612 6; 


3334 eft:'; 






IM 5 4R(m>; 


58.33; 


1259 cm ; ; 






L21 SlK<m); 


56.5 6; 


3227 cif!*'; 




L 


0-94 8 3H {<!}; 


56.3 0; 




1148 an \, 
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Table 2 













Bftydrotetrabsmine Isomer 


'hnmr 


C~MvXR. 


IB. 


Mass 






specirysii 

... &m 


Bpestrom 
(KBr solid) 


Spectrum 
... IP*) 


:m , 




S2.7 $ 


1M3 cm" 1 ; 
1024 cm 4 ; 








36.7 g- 


§55 c»f s ; 




H ''OH 






766 oaf 5 








7<>.6% 






OR 

IfX 1 




26.5 §; 

24.4 5; 

22.5 S 
















— — WW— . i .VVW.W.VW^«...>, V. 
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Tastes. .3. .a?t<l 4 - Ctoxjaas 


oamphy and PRO Data 




| — 


Table 3 


| 


| Dilrydi-otstrabeiiaxise isomer 


| Chinil HPLC Methods mtd Retsarioss Times 
1 — . .. — — » — 


OR.D I 
(MeOH,21«C). j 


| Isomers A ssd B 


| Column; 


Isomer A j 


I 


| Chiiwc (S)-VA1. V {Kj-NSA, 7M x 4.8 mm 




L 1 1 


\ M(Mh plmm Item-so; l s 2-dicWoto«*kss!e : 
i etaoi {36:62:2} 




! Ii' OH 


j 

| Flow: I, ii ml mm x 
\ 


Isomer 8 ! 

i 


j 

[ OR 


| UV: 254 i«S! 




j -v* >- N j 

H OH 

■ - . .. „ ■ 


1 Retention times: 

S SEssemsr A Kx6 mio 

j isomer B If .5 min 

[ 

i 
1 

1 


i 

E 

i 
1 



] Table 4 


Boiaess C mid D 


Cokmn: 


! homer C 




Clitos^^lA, 250 x 4,6mm 


i 




Mobile phase: Bisxaae ; eihasoi (92:8) 




L ^ i< 

L. A 

X v - 

[ H OH 


Fiow: 1 .0 mi mih" ! 
UV. 254 jim 


Isomer .D i 

j 


! 




| 


| OR 


Retention times; 


1 
i 


: ^ 3 o ^ , N 


Isomer C 28,3 mhx 


i 

j 


i L ! j. 


isparD 19.4 mirt 


■i 

i 
J 






1 






i 

j 
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EXAMPLES 




o 



m 



i r i 





IM, L-Sfilectrid^ in tefr&hydro&ma (52 mi, 52 xamol, 1,1 «q> was added slowly 
oyer 30 xsi»utcs to a cooled (ice bath),, stirred soltifea of tetmbmszks rseemate 
(I S g, 47 mrhol) is teMbydmitoi .(56 ml). Ate tno addition was campfcte, the 
mixta* ^$ allowed to warm Its i^&aitempei-atoe and Stirred for a flatter sis 
hours. TJLC analysis {siiie-% ethyl acetate) showed only very minor aoioanis of 
starting material remained. 



The mixture was poored on to a stirred mixture of crushed ice (1 12 g) 5 water (56 
ml) and glacial acetic acid (12,2 The tesultkg yellow solution was washed with 
ether (2 x 50 ml) and basi&d by the slow addition of solid sodium carbonate (ca. 
13 g). Pe^ether (30-40 °€) (56 mi) was added iothe mixture with stirring and the 
1 5 crude fi~DHTBZ was collected as a white solid by tilifatioti. 

The crude solid was dissoMm. dleM^ 156 ml) and the reading 

solution w^edwitii water ^ magiiesmm sMpate, 

filtered and concentrated at redweed pres«\ire to m 40 ml. A thick saspe«sion of 
white solid was formed. Pet-ether (30-40 *C) pd ml) was arldsd and the 
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suspension was stirred ft fifths minutes at laboratory iempemiure,. The pjodnet 
was collected by fihmfion and washed on the filter until ssow^fhte using pet-ete 
(30-40 6 C) (40 to <S0 ml) before : M^#$Pf to yield p-DHTBZ 

(10 J g, 67%) as a white solid- TDC analysis plea, ethyl aoetate) showed only one 
5 component, 

IB, Preparation am Fractional Crystallisation of tei^ih^allfeas.MMMtM 

The product of Example 3.A and 1 equivafeutof (S)-(^Cauu^non-iO-sulphanic add 
•were dissolved with heating in ih& mwmvaxi amount of metlianot The resulting 
1 0 solution was allowed to cool and then dilated slowly with etter until formation of 
the resulting solid precipitation was complete. The resulting white crystallise solid 
was collected by filtration and washed with ether before drying. 

The cap^phorsulpbonk acid salt of {10 g) was dissolved in a mixture of hot absolute 
ethMol (1 70 ml) and methanol (30 ml). The testdtbg solution was s&ied ami 

1 S allowed to cool. After two hours the precipitate formed was collected by filtration 
m a white crystalline sold (2,9 g). A sample of the crystalline material was shaken 
in a separating funnel with excess saturated aqueous sodium carbonate and 
dichloromethane. The organic phase was separated, dried over anhydrous 
.magnesium siuphate, filtered and concentrated: at reduced pressure, The residue 

20 was triturated, using pet-ether {3040 *€) and the otgaiuc solution concentrated once 
more. Cairal HTLC analysis of the salt using a Chirex (8)-YAL and (li)-HEA 250 
x 4,6 nun column* and a hexane ; ethanol (98:2} eiuent at a flow rate of 1 ml/minute 
showed showed that the isolated fTOHTBt was enriched In one enanuomer (e.e. ea, 
80%). 

25 Tbe enriched camphorsulphomc aekf salt (14 g) was dissolved in hot absolute 

ethanol (140 ml) and p*opsm4Hd p20 mi) was added. Ttje resulting solution was 
stirred and a precipitate began to form within one minute. The mixture was allowed 
to cool to room temperature and stirred ibr one hour. The precipitate termed was 
collected by illtrmion* washed with ether and drlsd to gfve a white crystalline solid 

30 (12 g). 



The crystalline aiaferk! was shafesn m a separating with esem saturated 
aqueous sodhaa §^^-Md^«^o«sa«|^, The erg arrie phase was separated, 
dried over anhydrous magrassium sulphate, filiated sM eoseentrafed at reduced 
5 pressure. The residue was trhurated using pei-efe (30-40 °C) and the organic 
solution concentrated onee x^'to-yi^l^iil^g-iinvsw^ (f}~^DHTBZ (6.6 
I* OR0 +1 07,8°). The isolated er^nfiomef has e*e. >97%< 

3C J^gpatation of'to ner B 

A solution of phosphorus petuacWoride (4.5 g 5 21.6 rrnaol, 1.05 eq) In 
1 0 dkMorome&aae (55 ml) was added steadily over im minutes to a sfeed, cooled 
(lee-water badi) solution of the product of Example 3B (6.6 g 5 20.6 mmoi) In 
diehloromeihane (90 ail), When the addition was complete, the resulting yellow 
solution was stirred for a further tea minutes he tore pouring o» to a. rapidly stirred 
mixture of sediuatcarlxmate (1 5 §) in water (90 ml) and crushed ice (90 g% The 
1 5 Mkfuie- was stirred -lor a further 1 0 minutes and transferred to a separating furnish 

Orsee the phases had separated, the brown dfchlorornethane layer was removed, 
dried over anhydrous magnesium sulphate, filtered and co&eeatrated at reduced 
pressure to gve the crude alkene intermediate as hrown oil (ea, 6.7 g), TLC 
analysis (silica, ethyl acetate) showed that no (+)~p-0HtBZ remained, in the crude 
20 product, 

The erode alkene was taken up (dry xutrpgen aUnosphere) In anhydrous 
tetrahydroforau (40 ml) and a solution of borane m THF (I M solution, 2.5 eq, 52 
ml) was added with stirring over fifteen minutes. The reaction mixture was then 
stirred at room temperature for two hours, TXC analysis (silica, ethyl acetate) 
25 showed that no alkene intermediate remamed m the reaction mixture, 

A solution of sodium hydroxide (3 .7 g) in water (10 ml) was added, to the stfmng 
reaction mixture, followed by m aqueous solution of hydrogen peroxide (50%. ca. 
7 ml) and the two-phase mixlm* fhOTed wa^ stirred at reflux for one hour, TLC 
analysis of the organic phase at mis time (siliea, ethyl acetate) showed the 
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appeamee Qf*f&&mi.yMi M M,ee^c^.i^-feom^.B. A stiaracteristic noa- 
polar component was also .mm, 

The reaction niixiare was allowed to w6lM room temperature and was poured into 
a separating feaael The upper organic layer was -removed and concentrated under 
5 reduced pressure to remove fee majority of THF, The nssidne was taken up in ether 
(stabilised <BHT)> 75 ml% wasted with water (40 mil, dried over anhydrous 
magnesium sulphate, filtered gad m&e^b0edw^i pressure to give a 

pale yellow oil. (8,1 g). 

The yellow oil was purified using column chromatogtaphy (silica, ethyl acetate : 
1 0 frexaue 0Q&Q% iuereasiug to lM% ethyl aeeiate) and Ifce desired coltima fractions 
collected, combined and concentrated at reduced pressure to give a pate oil vvMch 
was treated with ether (stabilised, I S ml) and concentrated at reduced pressure to 
give Isomer B as a pale yellow solid foam (2,2 g). 

Cbirai IIPLC using the conditions set out in Example 3B confirmed that Isomer B 
IS had been produced m an eaantioraeric excess (e.e.) of greater than 97%, 

The optical rotation was measured using a Beiiiugham Stanley A0F22O polarlmeter 
aadgave an [e>o] &PH2%5 9 . 

M3. , gteparatio p of the Mesylate sali oOMUiexM 

The methanesulphonate salt of Isomer B was prepared by dissolving a mixture of I 
20 equivalent of Isomer B from Example 3G and I equivalent of methane sulptek 
acid in the rmnimnm amount of ethano! and tbeu adding diethyl ether, The 
resulting white precipitate that tormed was collected by filtration and dried in vacua 
to give the mesylate salt in a yield of cu, 85% and a purity (by HPLC) ofca. 96%. 

EXAMPLE 4 
25 XT ;; y Civv.nlk>:}.Yiiphic Studies on Isomer B 



The (iS)~(-0"Caniphor-10-sniphonic acid salt of Isomer B was prepared and a single 
crystal was subjected to X-ray-':^^o|^|^iC-#|fe under tfee following 
conditions: 
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Piffraotameter: Manias Kitppa€0£) area detector (pi mm m& QJf. scans to fill 
asymmetric nait). 

Cell determination; DirAs p«lsenteg 5 AJM.( im^.JlAppl Zryst 25, 92-91,) 

Data collection; Collect (CGllec*rDaM Mlectioa software, R Hooft, Nonius B. V, 
5 1998) 

Data rednetlon and cell rerlrreroeut: Demo (Z, Otwinowski & W, Mm^ Metk>ds in 
Enzymotegy (1997) Vol. 276^ Mmmmolemlar Crystallography, part. A. pp. 307- 
326; C. W, Carter, ir & R. M, Sweet, Eds., Academic Press). 

Absorption correction; Sheldriek; 0, M, SADABS - Brake? Nomas area detector 
1.0 scaling and absorption correction ~ V2,\ 0 

Structure solution: SHELXS9? (G. M. Sheldriek JeM G« (1990) A46 467-473), 
Structure refinement; SHBLXL97 (G*M. Shddrtclc (1997), jyahs^m^-of 
Gottiogen, QermMiy) 

Oraplnes: Cameson - A Molecular Graphics Package (D. M. Watkin, L, Peamc and 
1 S C, K. Front, Chemical Crystallography Laboratory, UmVersity of Oxford, 1 993} 

Special details: All hydrogen atoms -were placed in idealised positions and refined 
using a riding model , except those of the Ni l and OH which were located in t he 
difference map and refined using restraints. Chirallty; NHl C|S=^S S CB~ : S, 
CI5-R C3I^S S C24-K. 

20 The results of the studies are set out below In Tables A>.B» €> t> and E, 

hi the Tables, the label RUSO350 refers to isomer B. 
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TABLE A 



identification cods 
Empirical fonmda 
Formula weight 
Temperature 
W&veteagth 
Crystal system 
Ss3« group 
elf 



sm 



Votass 
Z 

Density (cakoted) 
Absorption coefficient 

Ffoom 



Crystal sSa® 

Grange for data, wfteetten 
Itulex tmg®$ 
Rsflectbxis eoSlse&fd 
laden-endent reflations 
Completeness to 2737* 
Aosatpikm correction 
Mm.iiM mixi, transmission 
Refinement method 
Ipi 



Fans! M Indicts {Jr > 2 
J? : Indices (ajj data} 
Absoluts structure psranua 
Extinction coefSdeBt 
Largest 4\ft peak and bole 



551.72 
120(2) K 

0,71073 A 



12,942 (2) A 




1,272 Mg/m 3 

OJSSmsf' 1 

1192 

Cofeorfess Slab 
0.2 *. 0.2 x 0,04 mm* 
3.06- 27.3 7« 

~§ < h < 9, -1 6 * & £ 1«, -36 ^ ^ 39 



6326 0.0863] 
97.1 % 

Semi-empirics J from equivalents 
0.9937 am! 0,9690 
Full-matrix Seast-squares on 
6326/1/35? 



M! * 0.0498. 0.0967 
j?i «= 0,090 1 t w£? ~ 0. U OS 
9.04(1) 
0.0059(7) 

0.236 and -0,336* A*' 5 



TABLE 8, Atomic coordinates fx 10 4 j, equivalent Isotropic displacement 
parameters [A 2 x 10 s ] and site occupancy factors. U iKS Is defined as one third of till 
trace of the ortftogonafeed If tensor. 



Atom 


X 


y 


z 




S.oJ, 


10 Nl 


4839(3) 


11119(2) 


2130(1) 


24(1} 


1 


01 


2515(3) 


13171(1) 


349(1) 


31(1) 


1 


02 


5581(3) 


14030(1) 


598(1) 


32(1) 


1 


03 




12834(2) 


2385(1) 


36(1) 


1 


m 


870(4) 


12874(2) 


190(1) 


36(1) 


1 


1 5 U.<d 


3178(3) 


12838(2) 


739(1) 


25(1) 


1 





,r<<5 










1 




PK 

Vv 


^124>'"^ 


1 1B? 1'M 


1 •S27("'1 % ! 


24(1 ) 
?3<{'1) 


1 
1 




Pf5 






•1 789}' 1 > 




1 

* 


< 




dS<^1 (AS 




S3 f vjt i J 








VO 


71 &QM\ 


14*?S5f j>\ 


747',' 1\ 


38fli 


1 

f 




PC! 


si i i5<£.\\>/ 




•1 A7^,/l\ 


7R)'n 


1 




pirs 

V.-- ■ ■:' 


> o ii x O) 


1 1 i 1 A!'"? 1 * 


7i%7M\ 


&• V v ' / 


i 




CM 




1 1 noRi"5\ 






1 


iU 


r* i ? 

Lj- is. 


7907/ AS 


i I *J v v* \ C } 


■7747/ 1\ 




•1 

J 




Pl'-t 
wiv 




io&p&tys 




9H(i\ 


1 

i 










9v5?Pl\ 




1 




p 1 4 


vJ » >» Oyv/ 


ioniilM 


1 04^(1 \ 


24(1 v 


i 




PIS 


77 "\&(AS 




9i0^9{iS 


28(1^ 


1 


t « 




7"7fs7iA\ 








J 




P<S ft 


fif i 4JO\vJjf 








IE 




fit! 








41(1\ 


1 
< 




P'3f1 


7^0ts7*t\ 








'I 
i 




^1 

O i 


7£?\Zih\ 




1 7*54/ 1 ^ 


27(-n 


i 




HA 






7f>RA/'i\ 


w \ > ; 


1 




UO 


ftft<H fAS 




■1 7«;V1 \ 




1 




f^fSi 
VV 








%7M\ 


i 




07 

iff 


7&npJ'X\ 








1 




V* < 






Q-3W\ i } 










7 •• IAS 








1 






7SS7'%iAS 




4S¥1') 










6848/31 




203f1i 


28(1) 


1 




025 


4742(3} 


8877(2) 


787(1) 


20(1) 


1 




C28 


4742(3) 


8877(2} 


787(1) 


28(1) 


1 


30. 


C27 


7773(4} 


9810(2} 


830(1) 


25(1) 


1 




C28 


7431(4) 


10828(2) 


888(1) 


29(1) 


1 




C29 


9895(4) 


9480(2) 


589(1) 


38(1) 


1 



TA81E (I Bond lengths [A] and angles f]. 





1,498(3) 


m~c\§ 


1 ,t)2i<i((3 ) 


mm 


1,524(3) 


01-C2 


1.388(3) 


OI»C! 


1.432(3) 


02-C7 


1 .389(3) 


02-C8 


1.433(3) 


03-C13 


1.425(3) 


1^.2^0 3 


1 .372(3) 


C2-C7 


1.417(3) 


C3-C4 


1.407(3} 


C4-C5 


l;384(3) 


C4-C9 


1 .506(3} 



C14-C15 


1.618(3) 


C16-C1? 


1 .526(3) 


C17-C18 


1 .527(4) 


C17-C19 


1 .527(4) 


C20C21 


1 .525(3) 


C20-S ! 


1 .784(2} 


SI-OS 


1 ,.4442(19} 


SI-04 


1 .4807(1?) 


SI06 


1,4876(18) 


07-C22 


1 ,208(3) 


f'71 


1 .537(4) 


C21-C27 


1 .559(3) 
1 .585(3) 
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O-lGo 
C5-C15 
C8-C7 
C9-CIQ 
5 CII-CI2 
C12-C18 
C12-C13 
C13-C14 

10 Oi&Ni-GiS 
ClO-NI-Cil 
C;5~NI-C!I 
G2-01-G! 
C7-02-C8 

i S /Yvt A*-; £^<i 

Q1-C2-C7 
C3-C2-C7 
02-03-04 
C5~C4«C3 

20 C5-C4-C9 
C3-C4-C9 
C4-C3-C6 
C4-C5-CI5 
C6-C5-CI5 

25 C7-C8-C5 
02-C7-C8 
02-C7-C2 
C6-C7-C2 
CI0-C9-C4 

30 NI-G1O-G0 

08«S!~C20 
C20-C21-C22 

35 C20-C21-C28 
C22--C21C26 
C20-C21C27 
C22-C21-C27 
C28-C21-C27 

40 07-C22-C23 
G7-C22-C21 
C23-C22-C21 
C22-C23-C24 



1.411(3} 
1,518(3} 
1.372(3) 



1.521(3) 

1*644.(3^ 
1524(3} 

113.33(19) 
108,46(18} 
111.98(19} 
118.8(2} 
118.27(19) 
125.5(2} 
115.0(2) 
119.5(2) 
121.5(2) 
119.2(2) 
2\ 



120,5(2) 
119.4(2) 
124.1(2) 
118.8(2) 
121,3(2) 
125.4(2} 
115,4(2) 
119.2(2) 
111.7(2) 
111.0(2) 

107 .44(12} 

109.0(2} 

117.3(2) 

102.1(2) 

123,4(2} 

100,21(19} 

101.7(2} 

128.4(2) 

125.9(2} 

107.7(2) 

1013(2} 



C22-C23 
C23-C24 
C24-C25 
C24-C27 
C25-C28 
G27-G28 



CI2~CII~NI 

Ci!~CI2-C!8 

CH-CI2-C13 

016-012-013 

G3-CI3-CI4 

03-CI3-CI2 

CI4-CI3-CI2 



CS~CI5~C14 

C5€!5~NI 

CI4~Ci5~NI 

CI7-CI6~Cf2 

C18-CI7-CS8 

018-017-0)9 

CI8-CI7-CI9 

021C20-S1 

0S-SMJ4 

0S-SI-06 

04- SI-06 

05- SI-C2G 
O4-SI-O20 



023-024 
C23-C24 
C2S-C24- 
C24-C25- 
C2S-C26- 
C.28-G27- 
C28-C27- 
029-G27- 



€27 

€28 
C21 
€29 
€24 
€24 
C28-C27-C21 
C29-C27-C21 
€24-027-021 



1517(4} 
1.535(4) 
1543(4) 
1,554(4) 
1557(4) 
1.529(3) 
1 .542(4} 



i s o 



.5(2} 
111.7(2) 
109.84(19) 
106.0(2} 
111.1(2} 
111,9(2} 
110.1(2} 
114.3(2} 



108,7(2} 

118.4(2} 

112.2(2} 

108.7(2} 

110,8(3) 

122.51(18} 

112,93(11) 

112.47(12) 

111.93(11} 

108,81(13} 

102,80(11} 

108,4(2} 
103.3(2} 
102.3(2} 
102,9(2) 
104,2(2) 
107.8(2} 
112,0(2} 
1 1 3.7(2) 
116.5(2) 
112,3(2) 
94.27(19} 



TABLE 0. Anisotropic displacement .parameters [A 2 x 10 3 ]. The anisotropic 
45 displacement factor exponent takes the form:- 2n*#V*t/" * . .. * 2 h k a* b* U 12 ]. 
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34(2) 
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C28 
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34(2) 




027 
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28(1) 
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31(1) 


26(1} 




C29 


20(2) 


41(2) 
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23(1) 2(1) 4(1) 

24(1) 3(1) -7(1) -4(1) 

25(1} 5(1) -2(1) 40(1) 

32(1} 7(1) -3(1} ,8(1) 
>*j ••• 



3(1) -9(1) -8(2} 

1(1) 4(1) 2(1) 

-3(1) -2(1} 2(1} 

23(1} 4(1) 2(1} 4(1) 

23(1} -5(1) 1(1} 0(1) 

24(1} -3(1) 2(1) -6(1 



2(1) 4(1} -4(1) 

36(2) 5(1} -2(1) ,20(2) 

29(2) 3(1} 4(1} -4(1) 

25(1) 2(1) 0(1) -5(1) 

20(1} 2(1) 0(1} -2(1} 

23(1} 4(1} 1(1) 4(1) 

23(1} 4(1) -1(1) .2(1) 

24(1) -1(1) 1(1} 4(1) 

28(1) 2(1) 0(1} -4(1) 



4(1) -3(1} 3(- 

25(1} 1(1) -7(1} 0(2) 

41(2} 8(2) 4(2} 31(2} 

31(2} 0(2) -7(1) 4(2) 

" ft ' 1 ) 2(1) 3(1) 9(2) 

2(1} -5(1) 



0(1} 4(1} 

37(1} 13(1} 41(1) -35(1) 

28(1} -3(1} -2(1} 10(1} 

40(1} -1(1} 12(1) 8(1) 



) 4(1} 3(1) 2(1) 

31(2} 0(1) 1(1) 4(1} 

25(1) -2(1) 1(1} -2(1) 

28(2} 2(1} 2(1} 2(1} 

29(2) 4(1) -2(1) 0(1) 

28(2} 0(1) 1(1) -5(1) 

26(1} 0(1) 2(1} 0(1) 

30(1} 0(1) -2(1) -6(1) 

40(2} 0(2} 2(1) 



40 TABLE E. Hydrogen coordinates [x iolj and isotropic displacement parameters 
[A" x. 10"']., 

*W3^Q«<W^»*****^*»AfWWWWWWWW4<4<4< ^^^ 



Atom 



S,oJ 



45 H98 5190(40} 1052805} 2062(10) 70(8) 1 

H99 10030(50) !205©(3O) 2575(12) 70(8) 1 

H I A 1107 11933 156 ' 54 \ 

H18 529 12973 -89 54 1 
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H1C 


-154 


12777 


395 


54 


1 




H3 


1220 


11793 


904 


30 


1 




H8 


0780 


1333? 


1353 


29 


1 




H8A 


8872 


14985 


1089 


68 


1 


s 


H88 


7600 


15065 


523 


58 


1 




H8C 


8103 


14091 


810 


58 
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2759 


30 


1 
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11108 


258S 


30 


1 
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7334 


13145 


2840 


30 
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30 


1 
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7058 


11778 


1884 


29 


1 
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3278 


33 


1 
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8813 


11911 


3388 


33 


1 


20 


1 HI? 


8493 


10098 


3412 


41 


1 




H1SA 


8908 


9588 


2944 


97 


1 




Hiae 


0176 


9031 


3400 


97 


1 




H18C 


10440 


10005 


3276 


97 


1 




H19A 


9329 


10894 


3971 


82 


1 


25 


H19B 


8110 


9887 


4073 


82 


i 




Ml 9C 


7135 


10999 


4054 


82 


1 




H20A 


8824 


7924 


1207 


37 


1 




H20B 


8787 


7484 


1288 


3? 


i 




H23A 


8070 


8190 


-451 


38 


1 


30 


H23B 


8277 


8423 


-116 


38 


1 




H24 


6028 


10107 


-8 


33 


1 




H2SA 


3773 


9195 


153 


3? 


1 




H25B 


4152 


10235 


428 


37 


1 




H28A 


3394 


8237 


784 


38 


1 


35 


H268 


4300 


9279 


1039 


38 


1 




H2SA 


8180 


10638 


1135 


44 


1 




IH288 


6103 


10892 


938 


44 


1 




H28C 


7811 


11207 


884 


44 


1 




B2SA 


10358 


10042 


381 


54 


1 


40 


mm 


10159 


681? 


438 


54 


1 




H29G 


1051? 


9531 


349 


54 


1 
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fable Hydrops borate [A sad % 



D-K—A 












0,885(10) 


1.895(12} 


2.773(3) 


171(3} 


Nt-«98»<SI 


0.885(10) 


2,914(14) 


3,?7t(2) 


163(3} 


03--H99-O4' 


0.84(4) 


L94(4) 


2.766(3} 


i6S{3) 


03-H99-S1' 


0,84(4) 


2,98(4) 







Bfnmmrv tmidfcrmatkms used to generate e^mvateat atom* 




TMrma! ellipsoids drawn ;« 30% probability level 



Oa the basis of fee data set out above,; Isomer B is believed to have the 2S, 3S> 
1 IbR coafiguratioBj which corresponds to Formula (la); 
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OH 



(la)- Isomer B 



EXAMPLE S 

.Sigma Rece ptor Binding Studies 

The four dihydrotetmb«imxme isomer A f B, C and D subjected to specific btndiag 
5 assays to test their ability to bind to the sigma-i and sigjxm-2 receptors. The results 
are set out in Table 5, 

(a) Sigma Receptor; 

Reference; Gau&pamy et al , Pharmacol Exp, Then* 289-251-260, (1999) 

Boms®: -Human jur&at cells 
10 Llgand: 8 rM [3Hj Haioperido] 

Vehicle: 1% DMSO 

Ineufcatiors tixne/Temp; 4 hours % 25 °C 

Incubation buffer; 5 mM K2HP04/XB2 P04 buffer pH 7, 5 

Hon Specific, ligand ; 1 0 uM iMoperidol 
15 K ;? : 5.8 n.M 

*W: 0,7 1 pmole/mg protein 

Specific binding; W% 

Quantitation method: MdioMgand binding 

Significance criteria: > 50% of maximum sttmidatfen or inhibition 
20 (Is) Sigma © 2 Receptor: 

.Reference: Hashimoto- et aL, Mm-. ZFhmwmmL 236: 159-163, (1 993) 
Source: W'istar mt brain 

Ligand: 3 sM (3HJ ifeaprodil 
Vehicle: i% QMSO 
25 Meubatics time/Temp: SO tnimstes @ 37 °C 
hscdbation buffer: 50 mM Tris4.1€i 5 pH 7.4 
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Noa specific. Kgand: 1 0 pM Ifenproni! 
I<«: 4.8 iM 

& mm : 1.3 pmok/mg protein 

5 Qu&atSttaiioa method: Ra<i«li^MMadisg 

Significance criteria: > 50% otoax|^^,s^^^^. : ^ : »jMbitio« 



1 Specif 


m by 10 jiM Sob 
tc Binding at Sig 


rtions of Dihydtotetrabettazin< 
task! aad Sigrna-2 Receptors 


5 Isomers of j 


j- - - — — — • 

j Reeeptor/fhotem 


Isomer A 


Isomer B 

■ 


Isomer C 


Isomer D j 


| (g) &i Receptor 


48 


82 


59 




j (fa) Receptor 


64 


64 


61 


69 | 
i 


The this, show that all 
The ism isom&s are a 


four isomers bin 
proximately e<y 


i to both the si 
«pot»»t ia the 


gma-l and sign 
sigtna-2 recepb. 


18-2 receptors, 
•>•• binding 



stadias bat isomers B and D show stronger binding to ihesigma-l receptor. 

E XAMPLE 6 
Antiproli ferative Aobyit£ 

The antiproliferative activities of compounds of the invention may be detennmed 
1 5 by measuring the ability of the compounds to Inhibition of eel! growth in a number 
of cell lines, Inhibition of cell is measured using the Akmar Blue assay 
(Noc$«4Kt M„ ShakVj-.A.* Beoias, f H l&rsso., C< Journal 0/ Immtmologiwl 
Methods 1998, 21.3, 1574 67), The method is based m the. ability of viable ceils to 
reduce resaxnrin to its fluorescent poduct resorafin. For each proliferation assay 
20 ceils are plated onto 96 well jpl^:-aM.aliibls«d:'tb is&sver&r 16 hours prior to the 
addition of inhibitor compounds for a femes 72 bows. At fee end of the incubation 
period 10% (v/v) Alamar Bine is added and incubated for a further 6 hours prior to 
deienuraaiioo of fluorescent prOdire-t at |3SnM ex / 590&M em. In the case of the 
BOa^proliferadng cell sssay cells are maintained at confluence tor 96 hour prior to 
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the addition inhibitor conmounds for aihrthex 72 teas. The munber of viable 
e«lts Is dete0Bi«4 by Alasnar Blue assay as before* Ail cell lines are obtained from 
ECACC (European CoMsction of MI Citoes). Eswplssof such ceil lines are fee 
toman SK-N-SH muroblastama and tat €6 gikana coll lines. 

5 EXAMPLE 7 

Detsmtinadoa of the effect of compounds of the mventtoa on IJPS.MH.Ai.uted 
production of cytokines by hxmim mqnoc^M 

The compounds of the invention were tested to determme the extent to they can 
modulate the production of eynddnesby human Monocytes, Monocytes are 
10 precursors of macrophages and axe a key sonsee of iaaanimatory cytokines in a 
wide range of disease states. The activity of the compounds of the invention 
against monocyte production therefore provides a good indicator of the likelihood 
of the compound s possessing aud-bxtkmmatory activity. 



The following treatment gronps were set up, 
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35j#S«kt^Meapcytes 4. hM&® CltOCf jiM/J Of tM/1 jiM?l 0t> « M/ i OnM/ } «M/ ^ OOpM/1 Opj 


! H 

1 


JfiSismtO^ Monocytes * mmt B ( iO%M7 I ©jiM/1 pM( 100 ssM/ ) OnM/ I nWl GOpM/l Op 


j 


iJpBtiMf Stilted Mojieeytss aloae 


1 H 


Stimulated M©ix>sytss 4- Kahitetse (IM^lO|iM?l#l^i^M/10iiM/! oM/lOOpM/IOpI^ 


| 0 


Si:(:ntii&5cd Mssocytes ■>■ !:K>»ser 0 


\ P 

1 

— .> ™„— . 
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Modulation of human maaocyts cyteklne p rodaefion 
Materials 

MACS Buffer; Ik PBS p.H 7.2, 2 mMEBTA (Sigma), SMtoaa AB ssmm 

Culture Media: 500 ml RPMI 1640 (imdlrogen), 5 mlPeasfaep (Sigma), 5 m! l~ 
glutamiae (Invitrogeri), 10 ml HBPES (Sigma), 5% autologous plasma. 

COttipoursds: Stock at 10 mM in absolute ©tfearsol 

LPS: Salmonella aborfe at Img/ml (Sigma, Gat # LI 887). 

IPNy: Recombinant human at 1 0 pg/ml (BD Pharmacia, Cat # 554617), 

MACS GDI 4 positive selection beads and LS columns (Mlteayi Biotech). 

€D14:FITC antibody (Mlitenyi Biotech) 

Bufiy coat obtained &om Bristol National Blood Services. 

I ml of blood should give 7x10 total cells. 

gkpamtton-of Autologo us Plas ma 
Sphs feufFycoat at 3500 rpm, 10 mitt. 

Remove upper plasma layer m& heaf-inaetivate at 56 °C, 30 mm* 

Spin at 3500 rpm, 10 -mm to remo ve heai-maetivated complement proteins etc, 

I . Resuspend remaiaiag buiiycoat m M equal volume of RPMI 1 640 medium 
and mix by inversion; 

Z Pmwmm Mstopaque (Sigma) to: room t^mperatuj-e CRT) and add lb ml to a 
univeml. 

3, 0en% overlay with 15 M bioodmiMlam mix. 
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$, PBMC atsr separated into fee interface layer between fee medium and the 
Msiopaq»e 5 remove cells to a 50 mi Fa|&0ti and *M 10 x»I medium. 

6, Spin at I §00 rpm for iOmiaatRT. 

7, Wash x3 with. 40 ml EPMI medium and yesnspeitd in culture medium . 



Work on ice, with pre-cooled soWm 

L Determine cell umbers (313 % 10 x S x 10 «L365 x 10 total ceils). 
2. Remove 100 ul ceil Mmple : .fef'?i\SQwemce-Activated Cell-Sorting (FACS) 
amlysis (pre-election sample), 
10 3 . Spin at 1 800 rpm for .1 0 mmnlea at 4 *£, Remove sijperoatant. 

4, Resuspend pellet hi 80 ul buffer per I x 10 total ceils (2400 ul/tofai cells), 

5. Add 20 «1 CD 14 MkroBeads per 1. x 10' total cells (400 ui/toial cells). 
& Mix well and incubate for 1 5 minutes at 4-8 °C, 

7. Wash ceils with 1 -2 ml buffer, spk at 300 x; g v 10 minutes at 4 l XiX Remove 
IS supernatant. 



1 Place column lit magnetic field of MACS* Separator. Rinse column witft 3 
ml of MACS butter; 
20 2. Add ceil suspension to column. 

3 . Collect nnlabelled .eetts which pass through. Wash comma with 3x 3 ml 
boiler, allowing the column reservoir to empty between each wash. Collect total 
effluent (mvlabelled ceil traction). 

4. Remove column from separator and place ou collection tube. 

25 5. Add 5 ml buffer to column, m^medlately ikshiug oet Iraction with 
magnetically labelled cells by applying cohsmx plunger. 

6. Spin cells in MACS^a^,^dj^»^pe»<i:eea pellet , tit media, 

7, Perform cell count on positively selected cells, 

71x20x5 x W *» 7,1 x 10 ? ceilsfeii. Have !.75is! A 1 .24 x 10* total ceils. 



Isolate CD14 



ecps,b;y,posU;yc selection with GDI 4 MieroBcads 



Resnspend up to 1 x 10 cells in 500 al buffer (1 ml/total cells). 




8. Tate sample to check purity by ¥A€S -add 10 pi C0W-F1T€ antibody and 
isoubatej 5 mi»«tss at 4-S °£ 



Co aruoo nd. Preparadon 

Prepare compounds atlO mM uiafesolnt© ©tool Dilute prior to oultnre In media to 
the required concentrations. 

Ce ll C«ltee 

Isolated CD14 monocytes were cultured In 24^mU pistes at .1 x 10*ce0sMI/weIL 
the monocytes were cultured in the jm^ence of the tost compounds md controls at 
various dilutions as set out in the table below. Afteov^lgjtij^ubatum, LPS (10 
pg/ml) md IFNy (100 ngM) -were added to stimulate monocyte activation and 
elevate €B2 expression, After 48 hoars,, the stmematants wure femoved for CB.A 
cytokine analysis. 

j ^A.&ytokiae An a lysis iBenderMedSystoa as Human Th1/Th2 Kit. (Cut it 
BMS716FF1) 

Bring ail buffers to room temperature sod vortex before use 

1 , Make up assay buffer by adding to 450 xhl distilled HaO and. mkkg gently. 
Store at 4 *C. 

2, Make up blotb-eoftjagate mix by 600 pi of each biotia-eonjugates Into a 
universal. 

3 . Make up bead mk by adding 300 pi of each bead set 

4. Reconstitute each standard with distilled Hj.O as recommended on vial label. 
Add 100 ui assay buffer to tube labelled Standard 1. Add 10 ul of each 
reconstituted standard and mix. Serial dilute standard mixture (100 pi assay buffer 
to tubes 2-7. add 50 ul standard 1 to tube 2, mm and transfer 50 pi to tube 3 etc). 

5 . Label ¥AC$ tubes and add 25 pi of stedards I -7 to designated tubes. Add 
25 ui assay buffer to blank tube. 

6, Add 25 pi of sample to designated sample tubes. 

7, Add 25 pj bead mix to all tabes, 

8 . Add 30 ul hiatirs-Qonjugate to all tubes. 

0. Mix by vortexiog. then cover wtfefoIl -aMia^i*afe-f©r.2 hours {§ JStT < 
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10, Prepare Strepavkiim-PE seMion fey mixing 1 7§ ul hi 5324 jil assay bulier, 
Add ! ml assay buffet to all inbes- and spin at 200 xg s 5 min. Tip oif si^emaisnt. 
Repeat wash step and tip df^etsajast 

1 1 . Add SO pi StrspayidirfB to all inbes. Mis by vottexisg, then cover with Ml 
5 and incubate for Ih @ RT, 

12. Repeat wash step x2, 

13, Add 500 pi assay taffer to all tubes-.. 

Flow Cvto m etsr Set~tm 

Run positive and negative beads (supplied wife kit) to optimise set~«p and 
1 0 determine compensation etc. Rub standard curve prior to satapkavsowntfeg 3000 
events on gated population (300 events/a«alyte). 

The results are shown in Figures Ho 6'. In the Figures, fee label RU34S designates 
Isomer IX 

IS As can be seen from Figures 1. to oVfeetwo ^ 

D bofetedneed the production erf a range ^^b^ : ^ltos-;|a : |awoyt«s that 
bad been stimulated by O^S/IFM. 

Tims, Isomer B reduced production of the cytokines 11,-2 aud 1L42 at ail 
eopcentTations tested and reduced production of cytokines IL-4, 1L--S and IX- 10 at 
20 the majority of concentrations tested. 

Isomer D reduced production of the cytokines lL^,JL-4i JL-S and IL-12 at all 
concentrations tested and reduced prodncfem of cytokines TMFa, 11/4, IL-S and IL- 
1 0 at the majority of concentrations tested. 

25 Detessatoation of the eifectof ^Bi^i^ : -df^iiiwtio» o&X&dll ^ilMgjB 

The compouads-df^:kv^te' , *^'te^d : -.fe( determine the extent to they can 
inhibit T cell prouferation. T celis ^ i^^ble^s^Mln^g' the adaptive 
immune response and are drivers of rrdiaaimation. hi a wide range of disease states. 



The activity of the compounds of the faeutiort against T oeilpMiisration therefore 
provide s a good Indicator of the IteBhood of fte compomkfe possesshig anil- 
iutkuimatory activity. 

Materials 

H88S + 2% HEPES bufe (590 mMQ ml), Alpha MEM(500 ml) + 2% HEPES<10 
ml) * 1% Pea/strep(5 mi) 4- 2% L~autaaims<IOml} +,5§yM 2-ME(500 $) and 
Normal Mouse serum (NMS) 

Methyl 

i. Coat 3 x 96 well platos eolumas 1-S, rows A~H with lOOpi anti-mouse C'D3 
at 1 jig/ml k PBS. 192 well m total therefore made up 24 ails in PBS by adding 17 
}d of stock at l,44mg/;aL Incubate 2 hours 37 *C. 

2- Pooled blood froai 2 halb/c mice following cardiac puncture for preparation 
of NMS md removed spleens into HBSS + Hepes. 

3. Placed blood at 37 C for 30 mkutes to dot, spun 3,000 rpm, 10 mkatos in 
eiiilspiri, Reau>yed senna, filter sterilised and kept In fridge until ass. 

4. Imnaferred spfceas to petri dishes eontaiaing 10 ml BBSS, used clean 
sterile wire mesh placed over spleen to release sells using a glass rod. Washed bells 
off meaa oskg pasteur pipette and transferred to a 1.5ml tribe. Spun at .1 000 tpm for 
10 mimites at room temperature (RT). 

5. lesuspeaded ceils, added 0,5ml. sterile DW to lyse R.BC ; mixed and 
immediately diluted in HBSS, trans.tered to 50 ml tube passing through ceil steamer 
(70uM) to remove debris, spun as above, washed cells once more In HBSS sad 
.finally resuspended la 2mh alpha MEM eonlaiaing supplements (as above), 

6. Cell counts - 252 ceils x 2 x 5 x 10 ** 232 x 10 cells/ml ia 4ml& - 10 cells 

la total. Dilute 2mls to 25nds to give a oell eoaeentration of 2 x 1 0 eells/ml 

7. Added 250$ NMS to sells to give a concentration of 1 %, 

8. Washed sjk&-CD3 coated plates 3 x PBS, 

9. Transferred !00ui aUqaots of aells to coated wells, rows A-H columns 1 -8 
of 3 x 96-welI plates. Add equal vokme of compovmds dihaed la a 96 well plate as 
shown below. 



64 

|il compound at 1 0 MM to 346,Sgl Media (1/1 00), transfer ed 35 
of 1/100 dilution to 31S jd media (1/10) and so oa dowa pkmts give serial 1/10 
dilations of compound,. Transferred lOOpl aU<pG^:;Qf : dlfc^ eQ»i|JO«ji<! dfkitfens 
to wells of triplicate plates eortfakung T cells. 



Nal>* 


Isomer I> 


j feemer B 




j J/300 
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urn 






IOsjM 


im 


xm 
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im 


lOOpM 


!0OpM 
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xm | 


KipM 
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%M 



5 * Nan ~mbi lone 

^Cfi^tuiA.&r^bc^rs^ti^ «^jt-Jdeof».(l<^£>-9f ' iMrymidme to each well and 
Incubate overnight at 37 C 5% C<h> Harvest. Measure ' R~thymMi.se incorporation. 

Rcsuks 

Tfe extent of T calipr«i^Mlor? 5 as demonstrated by levels of^H-thymidlae 
10 incorporation, is demonstrated by tfee data are shown k ih& Table below. 

Incorporation, is demonstrated by the data are shown hi the Table below. 
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72S08.4 


67220.4 


42073.1 


ib" refers t. 




*e $ *RU346* 


refers to Isomer 'D 



rsfeta^o isomer B. 

5 The results demonstrate thai; each at the compotmds at the highest eoncenttamms 
tested Inhibit proliferatiori of I eetls. 

Pharmaceat ic^t CorapasfatoGs 

! 0 A tablet composition coataiiaag a dihydisietehMaAc of the invention is prepared 
by-mixing 50»sg of the d^y^teti»he^s^«e''V«ii i§7mg of lactose (BP) as diluent, 
mi 3mg magsassi-um stoaraio as a tobricsat a^d eemrffcsshig to form a tablet la 



bo 

(ii) Tablef Population - 0 

A tablet composition containing a ^y^stfe^afe^asiaeef'tfaB invention k prepared 
by mhmg the compound (25 mg) vMt rmn mxM^ fisntoss, m&gmsmm striate, 
starch make white and Me } m& compressing to fern a tablet iB kaow manner. 

S (in) Capsule FormMlatioj). 

A capsule formulation is prepared by mixing lOtag of a dihydrotetrabena^ine of 
the invention with lOOmg lactose and tilling the resoltrng mixture into standard 
opaque hard gel atin capsules, 

E.ttM&iikiiM 

10 It will, readily be apparent mat numerous siodliieations and alterations may be made 
to die specific embodiments of the invention described above without departing 
from the principles underlying the invention. All such modifications and alterations 
are intended to be embraced by this application. 
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CLAIMS 



!.. The xxseofa compound. ^M& ^m&&sMm M&m^Smmm^ for & 
prophylaxis or ^Mm^M^ps<MM^e Mmsm or an inflammatory 
disease, the compound being 3 Jlh-e^dihy droMssteaxine or a 
5 pharmaeeutieaily acceptable salt thereof. 

2, The use according to claim 1 wherein the medicament is for the prophylaxis 
or treatment of m inflammatory disease. 

3 , The use according to claim 2 v&erek the inflammatory disease is selected 
from rheumatoid arthritis, osteoarthritis, traumatic arthritis, gouty arthritis, 

10 rubella arthritis, psoriatic arthritis, ajsd other arthritic conditions; acute or 

chronic inflammatory disease states such as the inflammatory reaction 
induced by endotoxin or inflammatory bowel disease; Reliefs syndrome*, 
gout, rheumatoid spondylitis, chrome pulmonary inflammatory disease, 
Crohn's disease and ulcerative colitis. 

1 S 4. The use according to claim 3 wherein the Inflammatory disease is 

rheumatoid artMife. 

5, A compound for use in the prophylaxis or treatment of an inflammatory 

disease, tor example an inflammatory disease as defined m claim 3 or claim 
4, wherein the compound is 3,1 Ib-e^dihydrotetrabcnasine 

20 6, A method for the prophylaxis or treatment of an inflammatory disease or 
condition (for example m inflammatory disease as defined in claim 3 or 
claim 4) in a patient (e.g. a mammal such as a human), which method 
comprises admhiisteriug to the mamma! a therapeutically effective amount 
of 3,1 Ib-ofe-dihydrotetrahenasme. 

2 5 7, A use, compound for use* or method as defined in any one of claims I to 6 

wherein the 3,1 1 b-e/.vHiihydrotetratx:nazine is Isomer B or Isomer D as 
defined herein. 
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9, 

5 

10. 
11. 



wfaereihthe 3,liWMhy#ote^^aa3ace : te; ®& fajoia (la); 



A compound for use* ess-or mstfei'as defined in say one of claims 1 to 16 
wherein fee 3,1 1 b-cfe-dlhydmtetmbejaazlae la the form of an acid addition 
salt. 

A use, compound for use, or method as defined in claim 9 wherein the salt is 
a methane sulphoaate salt 

A use, compound ibr nse, or method substantially as described Imrpm with 
reference to the examples, 
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